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Constantly changing customer needs create new opportunities and challenges to the 
businesses in the world. According to Baida et al. (2004), customers do not buy goods 
or services: they buy offerings which render services which create value. Gronroos 
(2000) pointed out the same idea. According to him, the physical goods become one 
element among others in a total service offering. These statements are further 
strengthened by looking at the economical statistical figures. In 2011, services 
comprise roughly 80 percent of economic activities in the United States, and more 
than 60 percent of economic activities in the top economies in the world (OECD, 
2012). Therefore, it is clear Service is becoming front and center abstraction not only 
in marketing and the economics perspective but also in customer’s perspective. The 
growth of the service-centered economy changes the nature of businesses in the 
world. Gronroos (2000) says that physical goods marketing and services marketing 
converge, but services-oriented thinking will dominate. Currently, the service-
oriented thinking has become not only the de facto standard but also an integral part 
of the business itself (Nayak et al., 2006).   
1.1 Background 
As service means different thing to different people, let’s start by defining what is 
meant by service. Baida et al. (2004) discussed the notion of service from three 
perspectives namely service in economics and business, service in computer science 
and service in information technology. Among many definitions, we selected some 
comprehensive ones starting from business perspective, then to the software 
perspective and lastly a general definition to both. Finally, we provide the meaning of 
the word service, which is used in this thesis.  
 
Service definitions with a business perspective: 
 
“An act or performance that one party can offer to another that is essentially 
intangible and does not result in the ownership of anything”, Kotler and Keller 
(2006). 
 
“A change in the condition of a person, or a good belonging to a some economic 
entity, brought about as  the result of the activity of some other economic entity, 







Service definitions with a software perspective: 
 
“A service is generally implemented as a course-grained, discoverable software 
entity that exists as a single instance and interacts with applications and other 
services through a loosely coupled, message based communication model”,  
Brown et al. (2005). 
 
“loosely coupled, reusable software components that semantically encapsulate 
discrete functionality and are distributed and programmatically accessible over 
standard Internet protocols”,  The Stencil Group (2001). 
 
General Service definition: 
 
“Services are acts performed for other entities including the provision of resources 
that other entities will use, Alter (2012). 
 
In this research we use the term “service” to represent “an activity which is offered by 
one party to another that brings a desired change”. If we refer to software services, 
we use the prefix (such as software or web) in the rest of this thesis. 
 
Service orientation in a business intends that the entire business including, business 
strategy, customer relations, supplier relations, IT infrastructure, employees, etc. are 
oriented towards providing service. This situation changes the design, implementation 
and deploying of enterprise information systems as well. 
Enterprises gain many advantages when framing the business using Service-
Oriented Architectures (SOA). SOA is considered as an approach that enables the 
allocation of business activities among business partners in a value chain (Chesbrough 
and Spohrer, 2006). Nayak et al. (2006), Gronroos (2000) also highlight the 
popularity of SOA with business point of view.   
The following researchers address the usage of SOA from a more technical 
perspective. Erl (2005) says “SOA as an architectural style has been widely adopted 
in industry thanks to its ability of providing seamless integration among software 
services”. Papazoglou (2007) mentioned that SOA provides major advantages for 
today's enterprise information systems by presenting the interfaces that loosely 
coupled connections require. 
 Having realized the advantages of SOA, many researchers (Holley et al., 2003; 
Alter, 2012; De Castro et al., 2009; Arsanjani et al., 2008) have 
started to introduce service-oriented thinking in software application design and 
implementation. Although the SOA has been under discussion for several years, it is 
mainly regarded as a technical concept for the integration of heterogeneous 
application environments (Kohlmann and Alt, 2009). Most research on this topic so 
far takes a strict software engineering perspective.  However, as stated in (Nayak et 
al., 2007), “the current trend toward a service-oriented enterprise necessitates a formal 
characterization of business architecture that reflects service-oriented business 
thinking”. In order to cope with these deficiencies, several researchers integrate 




Zimmerman et al., (2004); Henkel et al., (2007); Alter, (2012); Arsanjani et al.,  
(2008); Haesen, (2009).  
Weigand et al. (2009) build on established business ontologies (REA and e3-value) 
to develop a value-based service design method. Following a top-down approach the 
authors pay attention to identifying business services as an input to the web service 
identification. This framework suggests classifying the business services and 
applicable policies into a tabular form. Service modeling as such is not the scope of 
the above research work. 
The Service-Oriented Modeling and Architecture (SOMA) methodology of IBM 
(Arsanjani et al., 2008) is another approach which minimizes the gap between 
business and ICT. Although SOMA supports incorporate business thinking using 
several methods and model such as business use cases, goal-oriented service 
modeling to their method, it does not support service modeling at the business level. 
The service modeling techniques listed above clearly show the need of   business 
service modeling for proper alignment between the business and the IT. (The detailed 
discussion of related work is available in chapter 2).  The starting point for design 
should be the business level at which services can be identified that provide value to 
customers and can be offered in an economically viable way. It is at the business level 
that business concerns should be dealt with first.    
In this dissertation, we propose a business service modeling framework to capture 
the real business activities as services. As the Model Driven Architecture (MDA) 
provides a useful framework for the software development, we adopt some MDA 
concepts for the proposed service modeling framework. The Model-Driven 
Architecture provides a framework for software development that uses models to 
describe the system to be built. These models can be expressed at various levels of 
abstraction, with each level emphasizing certain aspects or viewpoints of the system 
(Mellor et al., 2002). One of the main advantages of MDA approach is the definition 
of a conceptual structure where the models used by business managers and analysts 
can be traced towards more detailed models used by software developers (De Castro 
et.al, 2007). In MDA, the high-level business view is represented by means of 
Computational Independent Models (CIM) while the information system view is 
represented using Platform Independent Models (PIM) and Platform Specific Models 
(PSM). In our work, the business service models are positioned at the CIM level. 
Another important feature of MDA is transformations between different levels of 
models. Typically MDA defines transformation rules between PIM and PSM models 
but just traceability relations between business requirement of the CIM models and 
the elements of the PIM and PSM models (De Castro et.al, 2007). Miller and Mukerji 
(2003) state that, “the mapping description may be in natural language, an algorithm 
in an action language or a model in a mapping language”. Following these ideas, we 
propose a mapping description between CIM which is business service models and 
PIM levels BPMN- process models only. The mapping is presented using natural 
language. The transformation between PIM and PSM towards to code generation is 
not in the scope of this research. 
One major pillar of the framework is business service and resource modeling 
language called BSRM, which is based on the well-known business ontology 
(Resource-Event-Agent). The next pillar of the framework is business service patterns 




their operations are defined in a formal way using Bottoni et al. (2010) as a basis.  
The patterns facilitate to grasp the domain concepts easily. The business service 
patterns together with design steps provide comprehensive tool set to derive business 
service model for an enterprise. The usability of the business service model is further 
strengthened by proposing an integration method of these patterns in web service 
discovery. We validate the proposed framework with several validation methods 
including three empirical case studies. 
This chapter is structured as follows: Section 1.2 describes the motivation of this 
research. Then we move to the research goals in section 1.3. The research questions 
are explained in section 1.4. Section 1.5 describes the research methodology that is 
applied in this research. The contributions of this research are discussed in section 
1.6. The limitations of this research work are discussed in section 1.7. The chapter 
ends with describing the structure of the whole dissertation. 
1.2 Research Motivation 
As service-oriented thinking is gaining increasing popularity in today’s enterprise 
information systems, several studies and researches (eg; Holley et al., 2003; Alter, 
2012; De Castro et al., 2009; Arsanjani, et al., 2008) have started  to establish the 
service-oriented thinking in software application design and implementation. On the 
other hand, some researches highlight that the progression of service-oriented 
thinking is still unable to address real business needs. For example, Alter (2012) states 
“while the technical architecture has many advantages related to computer systems 
and networks, the underlying logic of interactions does not translate well to services 
provided by one person to another”. Cummins (2010) says, “the full potential of SOA 
is realized when it is applied as an architecture for business design”.  The authors of 
the following studies also argue that considerable attempt in service-oriented design is 
still focusing on the operational or software engineering level (Weigand et al., 2009; 
Zimmerman et al., 2004; Barney,1991; Curdera et al., 2003). However, the authors of 
(Nayak et al., 2007) point out that the current trend towards a service-oriented 
enterprise necessitates a formal characterization of business architecture that reflects 
service-oriented business thinking.  
To deal with business aspects when designing information systems, there exist a 
number of approaches which are able to grasp the basic concepts and their 
relationships of a business. For example, e
3
-value network, Resource-Event-Agent 
(REA) ontology. For any kind of commercial business the value creation has always 
been one of the most important business concerns. The term value spans number of 
disciplines including economics, sociology, anthropology, psychology and marketing. 
With economics and business perspective Graeber (2001) discussed the definition of 
value as a person’s willingness to pay the price of a good in terms of cash in return for 
certain product benefits, or experience. The definition highlights the quantitative 
aspect of value, which is of course quite important from a business perspective. 
However, it does not say anything about the subjective value experience nor about the 
internal structure of the value object. Recently, business researchers have started to 
recognize the intimate relationship between value creation and service provisioning. 
Vargo and colleagues (Vargo and Lusch, 2004; Alter, 2008) have introduced the 




contrast to goods production (G-D logic). The shift from G-D to S-D logic is one 
from a value proposition consisting of operand (passive) resources to one consisting 
of operant (active) resources. Instead of only seeing value being created within 
companies that exchange the means for this value creation from one to another, it 
emphasizes the value being created between companies (or companies and 
consumers). Gronroos (2000) goes even further by saying that value is primarily 
created at and by the customer, and the company is just co-creator. If value creation is 
the main business concern, neither software models nor business processes provide 
the right level of abstraction for business modeling. 
Having realized the importance of service design with business perspective, 
several researchers have tried to start the design with business perspectives (e.g.  
Weigand et al., 2009; Zimmerman et al.,  2004; Henkel et al., 2007; Alter, 2012; 
Kohlmann and Alt, 2009, etc). However, in our view these approaches do not go far 
enough. For example, Zimmerman et al. (2004) distinguish between top-down, 
bottom-up and meet-in-the-middle approaches and discuss major principles of service 
design such as low coupling and high cohesion. Although these criteria are relevant, 
the approach considers service design mainly as a software development problem. 
IBM’s SOMA Arsanjani, et al. (2008) which is a software development life-cycle 
method for designing and building SOA-based solutions also uses a meet-in-the-
middle approach.  SOMA links the system level to strategic business goals, but it does 
not support service modeling at the business level.  Alter (2012) proposes guidelines 
to form a genuinely service oriented enterprise, using work system theory (Alter, 
2006). He views the business services and software services as in the same line. But 
in our view, these two cannot be treated in the same way, as they exist in two different 
domains. Even though the above research works attempt to bridge the gap between 
service-oriented thinking at technical level and business level, the service 
representation at business level is lacking. Even though, some of above approaches 
(eg: Weigand et al., 2009; De Castro et al. 2009) incorporate existing business 
modeling techniques to the CIM level, designing services at business level is not 
addressed. Therefore, a truly service-oriented design mechanism at the business level, 
where the real services are positioned, is still missing. 
1.3 Research Goals 
As argued in section 1.1, a service perspective at the business level is an essential 
requirement for a truly service-oriented design.  Both the system designers and the 
business users can benefit, as a result of applying a service perspective at business 
level. The main outcome of this research work is a unified framework for service 
design in terms of patterns based business service modeling. The main goal is to 
capture the business activities as services. As the service design framework intends to 
capture the business logic with service perspective, the constructs of the framework 
are rooted in a well-established business ontology- REA. We discuss the research 
goals from two perspectives: designer’s perspective and business perspective.  The 





1. From the designer’s perspective, the framework must provide a methodological 
way to build and maintain the service model. The sub-goals of the above 
statement are given below.  
 
 The constructs with their relationships and the design steps should be 
provided by the framework. 
 As the business environment is volatile, the framework must provide a 
methodological support to capture new requirements. 
 The framework must provide the best practices in the business with service 
perspective. 
 The framework must provide an easy way to start design the constructs 
without starting from the scratch. This helps to reduce the designer’s time.  
 The framework must enhance the visibility of services throughout the model 
and as well as the given case. (in terms of definitions of  services, categories 
of services and their role ) 
 As it is not possible to represent all the aspects in one model, the framework 
must support to trace the service model to other models such as a process 
model.   
 The framework must support the integration of the service model with web 
service discovery.  
 
2. From business perspective, the framework must provide a service-driven view to 
the business. Sub-goals of the above statement are given below.  
 
 The service models derived from the framework must be easy to understand 
by non-technical users. 
 The framework must support the translation of business requirements into a 
service model. 
 The service models derived from the framework should cover all kinds of 
services and all business layers (for instance, operational layer and 
management layer). 
 The framework must support any business (manufacturing, service and 
trading domains) help to become more service oriented.  
1.4 Research Questions 
Service-oriented architectures are the upcoming business standard for realizing 
enterprise information systems.  As stated in the section 1.1 and 1.2, most research on 
this topic so far takes a software engineering perspective. The need of the service 
design with business perspective is emphasized in section 1.2.  A truly service-
oriented design mechanism at the business level is still missing. In order to find a 
solution to the above need, we came up with the following research question.  
 
“How can service-oriented thinking at business level be materialised in 





The research question is further decomposed into several sub questions. 
 
1. What is the State of the Art in service-oriented design which incorporates 
business thinking and does it really address the business perspective? 
 
2. What is the business model/ontology underlying the business services? 
 
3. How is the proposed service modeling language represented?  
 
4. How does the proposed framework support the designer building enterprise 
model to view the business activities in the entire enterprise as services? 
 
5. How does the proposed framework support the designer to capture the best 
practices in the business as services?  
 
6. Is the proposed framework flexible enough to capture new business 
requirements? 
 
7. How does the proposed framework support to synchronise the business service 
model with other models?  
 
8. Is the proposed service design framework truly service-oriented? 
 
9. How is the proposed service design framework validated in terms of 
completeness and correctness? 
1.5 Research Methodology 
Based on Hevner et al. (2004), the research conducted in this dissertation follows the 
design science approach in information systems. The artifact that we are going to 
achieve as outcome of in this research is a unified service design framework. The 
research methodology consists of four main phases namely problem definition, 
analysis of State of the Art, solution design and validation. 
 
Problem definition: 
Defining the problem is the primary step of solving a problem. Based on the literature 
survey and the motivation of the research, we set the goals of this research.  In order 
to achieve the research goals, the research problem has to be defined. Hence, we 
define our research problem in section 1.3 as research questions.  
 
Analysis of State of the Art: 
Investigating the existing literature clarifies the research question and goals. A 
comprehensive literature survey presented in chapter 2 gives opportunity to identify 
new research challenges and reusability of previous knowledge. A feature comparison 
of selected existing approaches is done in chapter 2. The analysis of State of the Art 






Having realized the shortcomings and the strengths of existing approaches of the 
service-oriented design at business level, we design a new solution. Finding the right 
approach for solving a world problem is a knowledge problem (Wieringa et al. 2006). 
Knowledge problems represent a lack of knowledge about the world. In this research, 
we use knowledge from business modeling techniques and SOA design. The solution 
that we design is a unified service design framework. The results of this research are 
described in Chapter 3, 4 and 5.   
 
Validation: 
The validation of the solution is performed in two ways. In the first place, we validate 
the results of this research using non-empirical formal approaches (e.g., feature 
comparison, metamodeling). Secondly, the proposed framework is applied to three 
cases selected from manufacturing and service domain. These results are discussed in 
chapter 6.    
1.6 Contributions 
This dissertation addresses the need for business thinking in service-oriented design 
and proposes a framework for truly service-oriented design. The main contribution of 
this research is the service design framework. The framework consists of a business 
service modeling language called BSRM (business service and resource modeling) 
and a business service pattern library. The methods proposed in the literature that 
incorporate existing business modeling techniques for service-oriented design are not 
able to provide a language to model the business activities as service.  
The constructs of the language are defined using a metamodel which is grounded 
in a well-known business ontology – REA. The modeling language enables the 
designer to grasp the business concepts with service view. BSRM gives a better 
insight into the value co-creation which is the main focus of services. The BSRM 
language has been published in (Jayasinghe et al., 2012). It is further explained in 
chapter 3. 
The research also proposes a classification of business services.  The separation 
of services through classification has many advantages. For example, the operational 
activities and supporting activities can be modeled separately. These supporting 
activities can be improved further, as they modeled separately. In chapter 5, under 
enhance services, we discuss the supporting services in detail. We published one 
category of enhance service (Weigand et al., 2011).   
The next main outcome of this research is a business service pattern library 
together with a comprehensive pattern composition mechanism. Pattern based 
approaches are common in software engineering. In particular, Hruby describes more 
than 20 business patterns founded on REA in his book (Hruby, 2006).  (more details 
are available in chapter 2). As he follows MDA and approach and REA basis for 
defining business patterns, we selected same examples from his work wherever 
possible. The novelty of our approach is, pattern based model completion and 
integration to web service discovery. We follow the formal approach proposed by 
Bottoni et al. (2010) for pattern specification and pattern composition.  The business 




pattern operator called” Merge” for proper composition of patterns. The patterns, 
pattern operators together with design steps provide a comprehensive approach to 
pattern composition to build the service model.  Business service patterns are defined 
to represent the basic activities in the manufacturing domain. The role of business 
service patterns is not limited to the design of business services, but does also support 
service integration at implementation level. Using the service integration metamodel, 
the changes in the business services are aligned with corresponding changes in the 
business processes. The results were published in (Jayasinghe and Weigand, 2012a) 
and (Jayasinghe and Weigand, 2012b). Chapter 4 discusses the business service 
patterns. 
1.7 Limitations 
The limitations of the proposed service design framework are discussed below. 
 
 The validation is limited to three case studies in literature. One case is a fictional 
case about Global Bike Inc., a bike manufacturing company presented by SAP 
(Magel and Word, 2012). The second one is a real world case about wine 
production presented by S-Cube (S-Cube, 2009). Both cases relate to 
manufacturing domain. The next case is from logistic domain. It describes a 
transportation service provided by a Dutch Transport company. The validation of 
the framework is limited to the above domains. The proposed framework has not 
been validated in a field experiment. 
 
 The service modeling framework consists of business service patterns. The 
business service patterns represent the selected activities in manufacturing 
domain.  The business service pattern library can be extended further within the 
manufacturing domain and also to other domains. Our claim is that the proposed 
framework can be applied to any kind of business. However, we didn’t 
investigate where the framework is most suitable.   
 
 We are not claiming that the proposed modeling notation is complete. The 
notation is sufficient to represent the basic construct of the BSRM language. It 
doesn’t support modeling the constraints. The modeling notation is also lacking 
the representation of constraints. 
1.8 Structure of the Dissertation 
The structure of the thesis is as follows.  
 
Chapter 2:   
Chapter two sets the background of this research and discusses the related work in 
service-oriented design with business perspective. Under the background, we explain 
the business models and how business models are used in SOA. Then we discuss the 
business modeling ontologies and the motivation of selecting the REA business 
ontology as the basis of our service metamodel. The first part of the chapter ends with 
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a overview of business patterns. The second part of the chapter is dedicated to the 
related work in service-oriented design with business perspective.      
 
Chapter 3:   
Chapter three is the basis of the service modeling framework. The service modeling 
language called Business Service and Resource Model (BSRM) is described in 
chapter 3. The constructs of the language are based on a metamodel. Therefore 
section 3.1, describes the metamodel for the service modeling language. It includes 
BSRM Language Semantics. In section 3.2, we describe  the  implementation of the 
metamodel with  a modeling tool called ConceptBase. Then we move to the modeling 
notation and the service design examples in sections 3.3 and 3.4 accordingly. The 
traceability of the BSRM model with other models is discussed in subsection 3.5. The 
section 3.6 - BSRM Viability Check contains, among others, a comparison of selected 
features of BSRM with other models. Finally, this chapter ends with a section called 
Service Model Analysis (section 3.7) which gives a general overview of value 
analysis with BSRM. 
 
Chapter 4:  
Chapter 4 describes the Business Service Patterns (BSP). The pattern structure 
specification is described in section 4.1. Five pattern structure specifications are 
explained under this section. The pattern operations (expansion and annotation) on 
pattern structures are given in section 4.2.  We discuss the business service alignment 
with value activities in section 4.3.  Then we demonstrate generic business service 
patterns for primary and supporting activities in section 4.4 and section 4.5 
respectively. Several generic business service patterns for service industry are 
described in section 4.6. The pattern composition with business pattern operators is 
defined in section 4.7. We describe the design steps to compose the enterprise model, 
in section 4.8. The chapter ends with describing the integration of business services 
with software services.  
 
Chapter 5: 
Chapter 5 explains a special category of services namely enhance service. This 
chapter has four sub sections to describe the four categories of the enhance services 
namely management as a service, human resource provisioning as a service, 
publication as a service and access as a service.  
 
Chapter 6: 
Chapter 6 presents the empirical validation of this framework using three case studies. 
First case study, which is about Global Bike Inc. (Magel and Word, 2012), a fictional 
case by SAP, is given in section 6.2. The second case study about wine production 
from S-Cube (S-Cube, 2009) is illustrated in section 6.3. The third case is about 










Chapter 2  
 
Background and Related Work  
 
In this chapter, we establish the background of our work and discuss related work in 
service design. The first part of the chapter (section 2.1~ section 2.4) is about the 
background and the rest of the chapter is dedicated to the related work. As described 
in the motivation, the main focus of this research is establishing a service-oriented 
design mechanism that is starting from the business level. Business thinking in service 
design plays an important role in this research. Therefore, we start the chapter with 
business modeling. The next section is about reference models. Then we move on 
describing business modeling ontologies and selecting one ontology as a basis of our 
work. The next section describes the Resource, Event and Agent (REA) ontology.  As 
the business service patterns are an important pillar of the proposed service modeling 
framework, we include a discussion about business patterns in this chapter. Moving 
on, we present the related work of service oriented design in the second part of this 
chapter. The chapter ends with a comparison of different approaches in service 
design.  
2.1 Business Modeling  
Different business models address different aspects of the business. One of the most 
cited definitions for business model is given by Timmer (1998). He defines the 
business model as “an architecture for the product, service and information flows, 
including a description of the various business actors and their roles; and a description 
of the potential benefits for the various actors; and description of the sources of 
revenues”. The authors of (Osterwalder and Pigneur, 2002) classified these aspects 
into three main categories namely revenue- and product specific, business actor- and 
network-specific and marketing-specific. There are several advantages of using 
business models. According to the (Osterwalder and Pigneur, 2002) and (Gordijn and 
Akkermans, 2001), business models help to understand the key elements and 
mechanisms in a specific business domain and their relationships.  The authors of 
(Eriksson and Penker, 2000) say that the business models help to specify valid 
requirements for the Information Systems. The authors of Scheithauer et al. (2009)    
points out that business modeling is a discipline which depicts the relationship 
between business logic and its realization with information technology. The authors 
of Bloch et al. (1996); Kalakota and Robinson (1999); Maître and Aladjidi (1999) 
state that new business models are constantly emerging in electronic commerce and 
can become a major stake in the e-business. The researchers of  Hruby (2006); 
Gordijn et al. (2000) ;  Andersson et al. (2005) also suggest that when addressing 
business-IT integration, constructive results are obtained by starting to analyze 




information systems. In this research, we consider the business models with value 
perspective. Apart from the business models, the term reference model is used in 
modeling community. We discuss the reference models in the next section. 
2.2 Reference Models 
Among different kinds of models, the reference model is also highly used in the 
software engineering context. According to the OASIS (OASIS, 2006), definition a 
reference model is an abstract framework for understanding significant relationships 
among entities of some environment. Reference models are also called universal 
models, generic models, or model patterns (Fettke et al., 2005).  In this dissertation, 
we present generic patterns and models to represent business services. Therefore, we 
include the concept of reference model in the literature review.  The use of reference 
models has many positive effects for business (Kirchmer, 2009). For example reuse 
existing reference models as a starting point to develop specific conceptual models.  
Among different kinds of reference models, the business process reference models are 
used to develop the enterprise information systems. The process reference model 
represents dynamic aspects of an enterprise, e.g., activity sequences, organizational 
activities required to satisfy customer needs, control-flow between activities, 
particular dependency constraints etc.(Becker et al, 2003). Few examples of process 
reference models are SAP R/3 (Keller and Teufel. 1998), Enterprise Modeling for 
Ecommerce (ECOMOD). The survey done by Fettke et al. (2005) shows that some of 
the reference models are originated from scientific base (e.g., ECOMOD) and some of 
them are originated from practice (e.g., SAP R/3). 
2.3 Business Modeling Ontologies 
An ontology is “an explicit specification of a conceptualization” according to Gruber 
(1993). In other words, ontology explicitly describes a particular domain of interest. 
Ontologies are increasingly popular tools to identify the basic notions of business 
models. There exists a number of ontologies (Gordijn et al., 2000; Dietz, 2006; 
Uschold and Gruninger, 1996; McCarthy, 1982) for business modeling. Among them 
e
3
-value ontology (Gordijn et al., 2000), Resource-Event-Agent (REA) – (McCarthy, 
1982) and business model ontology (BMO)-(Osterwalder, 2004) are three established 
business model ontologies. Initially these ontologies had their own specific purposes 
but later on they were extended and used in enterprise modeling.   
e
3
-Value: Gordijn (Gordijn et al., 2000) provides business model framework 
called e
3
-value, which is based on a generic value-oriented ontology. The primary 
goal of e
3
-value is identifying exchange of value objects between the business actors. 
The basic concepts in e
3
-value are actors, resources, value ports, value interfaces, 
value activities and value transfers. This framework allows the graphical 
representation and understanding of value flows between the several actors of a 
model. e
3
-value focuses on modeling value networks of cooperating business partners 
and provides mechanisms for profitability analysis that help in determining whether a 
certain value network is sustainable 
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Resource-Event-Agent Ontology: REA was originally formulated as a basis for 
accounting information systems (McCarthy, 1982) and focused on representing 
increases and decreases of value in an organization. It was extended further by Geerts 
and McCarthy (1999); UN/CEFACT (2003); Hruby (2006). A detailed description 
about REA is available in section 2.3.2. 
Business Model Ontology (BMO): BMO has a wider scope with comparison to 
the above two ontologies. In addition to modeling exchanges of resources, BMO 
addresses internal capabilities and resource planning. It consists of nine core concepts 
in four categories Furthermore, BMO incorporates marketing aspects describing value 
propositions as well as marketing channels (Osterwalder, 2004). 
Anderson et al. 2006 presented a common ontology based on above three 
business ontologies – the e
3
-value, REA and BMO. They produced a set of mappings 
between e
3
-value and REA indicating strong similarities between the concepts of the 
two. 
2.3.1 Motivation for Selecting REA 
As a basis of modeling business services, we selected REA ontology considering 
several reasons. According to the Service Dominant (SD) logic approach (Vargo and 
Lusch, 2004) one significant aspect of service is co-creation of value. Although the 
e
3
-value business model is rich enough to identify value exchanges in a network, 
value co-creation is not sufficiently addressed. The resources are important 
ingredients for value co-creation. Therefore, we consider the resource-service 
relationship can be elaborated more with REA, because resource is a first class citizen 
of REA. 
REA offers a comprehensive ontology of business concepts and it is used in 
enterprise information systems architectures, frameworks and standards. The authors 
of Gailly et al. (2008)   summarized the applications of REA into several categories. 
Their analysis is limited to the applications that were proposed or developed after the 
REA extensions were published in (Geerts and McCarthy, 1999; Geerts and 
McCarthy, 2002). According to them one ontological application of REA is in model-
driven design. The ISO Open-edi specification (ISO/IEC, 2007) uses REA as an 
ontological framework for specifying the concepts and relationships involved in 
business transactions and scenarios in the Open-edi sense of those terms. Furthermore 
the REA ontology definitions are part of the work of UN/CEFACT (United Nations 
Center for Trade Facilitation and Electronic Business) which is an international e-
business standardization body known for its work in the area of electronic data 
interchange – EDI (UN/CEFACT, 2008).   
Considering several features, we select the REA ontology as the basis of the 
proposed business service modeling framework. The most important two features 
among them are: value co-creation which is one of main concern of service 
provisioning, is well expressed with REA. The next feature is, REA provides better 
insight into resources in a company. Hruby (2008) lists down several advantages of 
using REA in software development as follows. 
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 The application design based on the REA model is concise and easy to 
understand both for the users of software applications and for application 
developers. 
 The same modeling principles are used across all application areas in the business 
domain 
 As REA software applications store the primary data about economic resources, 
all reports and all accounting artefacts are always consistent, because they are 
derived from the same data. 
 The REA model provides more complete, transparent, and up-to-date reporting 
for business decision than reporting based on the accounting artefact. 
2.3.2 Resource Event Agent (REA) Ontology 
The Resource-Event-Agent (REA) ontology was formulated originally in (McCarthy, 
1982) and has been developed further, e.g., in Geerts and McCarthy (1999); Gailly et 
al. (2008); Hruby (2006). The concepts of REA reflect business accounting where the 
needs of managing businesses through a technique called double-entry book keeping 
was formerly the standard of use. REA replaces double-entry with semantic models of 
economic exchanges and conversions. The main focus of REA is representation of 
increases and decreases of value in an organization.  The core concepts in the REA 
ontology are Resource, Event, and Agent. Figure 2.1 shows the basic concepts of 
REA. 
Agent: An agent is an individual or organization capable of having control over 
economic resources, and transferring or receiving the control to or from other agents 





















Figure 2-1: Basic REA concepts 




Resources: Resources are things that are scarce. Resource is defined as “any 
object that is of utility and under the control of some enterprise”.  Originally, only 
resources that could be exchanged were considered, such as goods, services and 
money. Later on, internal resources were taken into account as well, including 
intangible ones like knowledge (ISO/IEC, 2007). Resources are modified or 
exchanged in processes. A conversion process uses some input resources to produce 
new or modify existing resources. For example, water and flour can be used as input 
economic resources in a baking conversion process to produce the output economic 
resource bread. An exchange process occurs as two agents exchange (external) 
resources. To acquire a resource an agent has to give up some other resource. For 
example, in a goods purchase a buying agent has to give up money in order to receive 
some goods. The amount of money available to the agent is decreased, while the 
amount of goods is increased. This combination of events is called a duality and is an 
expression of economic reciprocity - an event increasing some resource is always 
accompanied by an event decreasing another resource. 
Event: The constituents of processes are called economic events. An economic 
event is carried out by an agent and affects a resource. In REA, the notion of 
stockflow is used to specify in what way an economic event affects a resource. Gailly 
et al. (2008) extended the basic REA stockflow concept by adding specialization to 
the stockflow relationship as inflow and outflow. REA identifies five stockflows: 
produce, use, consume, take and give, where the first three occur in conversion 
processes and the latter two in exchange processes. The stockflows produce and take 
are positive stockflows in the sense that they increase the value of some resource for 
an agent – an economic event with a produce stockflow creates or improves some 
resource in a conversion process while an economic event with a take stockflow 
transfers a resource to the agent in an exchange process. Similarly, the stockflows use, 
consume and give are negative stockflows in the sense that they decrease the value of 
some resource for an agent – an economic event with a use or consume stockflow 
uses or consumes some resource in a conversion process while an economic event 
with a give stockflow transfers a resource from the agent in an exchange process.  
Commitment: The commitment is a promise or obligation of economic agents to 
perform an economic event in the future. For example, line items on a sales order 
represent commitments to sell goods. 
Contract: The contract is a collection of increment and decrement commitments 
and terms. Under the conditions specified by the terms, a contract can create 
additional commitments. Thus, the contract can specify what should happen if the 
commitments are not fulfilled. For example, a sales order is a contract containing 
commitments to sell goods and to receive payments. The terms of the sales order 
contract can specify penalties (additional commitments) if the goods or payments 
have not been received as promised 
According to REA a business can be explained with four questions. The authors 
of Schuster and Motal (2009) summarized that the REA concept basically answer 
who, what, when and why questions of business collaboration. According to them the 
REA ontology can be expressed as follows. 
 
 Who is involved in the collaboration (Economic Agents - Buyer, Seller)? 
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 What is being exchanged in the collaboration (Economic Resources – e.g., 
Money, Good)? 
 When (and under what trading conditions) do the components of the exchange 
occur (Economic Events – e.g.: Payment, Shipment)? 
 Why are the trading partners engaged in the collaboration (duality relationships 
between resource flows)? 
2.4 Business Patterns and Pattern-Based Modeling 
The researchers mentioned in section 2.5, follow different approaches to model 
business activities as services. Some of them identified business services as text based 
list (Weigand et al., 2009; De Castro et al., 2009). There are some works which 
included existing business models as they are, but not as services (Arsanjani et al., 
2008; SOAML- OMG, 2009). To capture the real business services in an easy way, 
we propose pattern based service modeling framework. The patterns reduce the 
design time while assuring the domain concepts. Therefore, we discuss the business 
patterns and pattern based modeling in this section.  
 The patterns help to designer to grasp the domain concepts easily. Hence, we 
investigate the notion of the pattern and the pattern based approaches in business 
modeling. Alexander presents a general definition to the pattern as follows. 
 
“Each pattern describes a problem which occurs over and over again in one 
environment, and then describes the core of the solution to that problem, in 
such a way, that you can use this solution a million times over, without ever 
doing it same way twice ”, Alexander  (1977). 
 
Patterns are used in different disciplines as a way to record expert knowledge for 
problem solving in specific areas Bottoni et al. (2010). For example, design patterns 
are used in software engineering Gamma et al. (1995), analysis patterns are used in 
conceptual modeling (Fowler, 1996) and architectural patterns in information system 
architectures. Business patterns are used as analysis pattern in software engineering. 
2.4.1 Business Patterns  
Business patterns are reusable models that describe how the companies perform 
businesses (Hruby, 2006).  Designers of business information systems use business 
patterns to model recurring functionality in a transparent way (Vandenbossche, 2007). 
There are motivating research works in the literature that uses the business patterns in 
software design, for example (Hruby, 2006; Marshall, 2000; Arlow and Neustadt, 
2003). Following the MDA approach,   Hruby (2006) defines more than 20 business 
patterns which attempt to provide the knowledge about business domain in the form 
of object-oriented models. He defined REA-based business patterns that describe the 
structure and the functionality of a business. The structure of the business is described 
in the form of structural patterns on the operational level and the policy level. 
Operational level patterns describe the actual economic exchanges and the policy 




behavioral patterns provide specific functionality that business applications usually 
have. Hruby’s research work presents good guidelines to application developers as 
well as framework developers. 
2.4.2 Pattern-Based Modeling 
Patterns are increasingly used in the definition of software frameworks, as well as in 
Model Driven Development, to indicate parts of required architectures, derive code 
refactoring, or build model-to-model transformations (Bottoni et al., 2009). The 
authors of Bottoni et al. (2009) mentioned that the full realization of the power of 
patterns is hindered by the lack of a standard formalization of the notion of pattern. 
To overcome the above limitation they proposed a language-independent formal 
approach to pattern-based modeling which is grounded in category theory (Lane, 
1998). This approach supports to define pattern specification, pattern discovery, 
instantiation, pattern composition, conflict analysis and using patterns in model 
completion. We follow this formal approach to define the business service patterns 
and pattern composition in this research. 
2.5 Related Work in Service Oriented Design 
The evolution of software engineering design has passed through various eras, 
including structured analysis and design, object oriented analysis and design 
(OOAD), and component based software design and eventually service-oriented 
design. To find a solution to our research question, we carried out a literature survey 
about the service-oriented design approaches which incorporate business thinking. 
In Service-Orientation, the key abstraction is the “service”.  As we mentioned in the 
chapter one, the term ‘service’ has different meanings in business and software 
engineering disciplines.  The notion of service as previously described provides an 
opportunity to increase the flexibility and reuse of business functionality within an 
enterprise and with partners (Arsanjani et al., 2008).  Although the concept of service-
oriented architectures (SOA) has been in discussion for several years, it is mainly 
regarded as a technical concept (Kohlmann and Alt, 2009).   
However, to achieve the maximum benefit of SOA, a list of business 
requirements together with state-of-art technical specification at the design stage is 
not sufficient. Having realized the importance of service design that allows to 
communicate with business analysts as well as system designers, several researchers 
have tried to start the design with business perspectives (De Castro et al., 2009; 
Weigand et al., 2009; Haesen, 2009). Among several methodological approaches in 
service modeling, we select a few (SOMA- Arsanjani et al.(2008) , WSMO- Roman 
et al. (2005), SOD-M - De Castro et al., (2009), SOAML- OMG (2009) and Weigand 
et al. (2009)), which were based on MDA approach and have incorporated business 
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SOMA (Service Oriented Modeling and Architecture):  
 
IBM’s SOAD has evolved into SOMA- Service Oriented Modeling and Architecture 
(Arsanjani et al., 2008) described as a software development life-cycle method 
invented and initially developed in IBM for designing and building SOA-based 
solutions. SOMA is a full-blown modeling methodology consisting of three steps: 
identification, specification, and realization of services, flows (business processes), 
and components realizing services. The process is highly iterative and incremental. 
However, because SOMA is proprietary to IBM, its full specification is not available. 
SOMA also advocates a meet-in-the-middle approach. Domain decomposition is a 
top-down analysis that starts with analysis of the functional areas in the business 
domain and of the business processes. This is complemented by a bottom-up asset 
analysis. The two lines are pulled together by Goal-Service Modeling (GSM). SOMA 
incorporates many more methods and techniques, including conceptual data 
modeling, and advocates a fractal model for software development. SOMA links the 
system level to strategic business goals, but it does not support service modeling at 
the business level. Because of that, alignment between CIM and PIM level remains 
limited. Although Goal-Service Modeling is useful, it cannot replace business service 
modeling and analysis as such.  
 
WSMO (The Web Service Modeling Ontology):  
 
The Web Service Modeling Ontology (WSMO) - Roman et al. (2005) provides a 
conceptual foundation for describing several aspects related to semantic web services 
on the web by refining the Web Service Modeling Framework (WSMF), (Fensel and 
Bussler, 2002). It aims to describe general services which can be accessible through 
the web service interface with the intention of enabling automation of key tasks (e.g., 
discovery, selection, composition, etc.). Even though it makes a clear distinction 
between Services and Web Services, the business service identification and the 
impact on the resources related to services are not addressed.  
 
SoaML (Service Oriented Architecture Modeling Language):  
 
Service Oriented Architecture Modeling Language – SoaML (OMG, 2009) is an 
OMG standard which promotes business thinking in its specification. It is an 
extension of UML to support SOA modeling. SoaML offers a higher level of 
abstraction of SOA that hides the complexity of lower level Web Services and 
supports flexible platform choices. It addresses business requirements by integrating 
the UML business motivation model (BMM). In our view, BMM is one of the best 
suites to identify business plans and elements of business plans in terms of the 
business goals and objectives (means and ends in BMM to achieve some business 
vision, but not the best suite to identify the real business services.     
 
SOD-M (the Service-Oriented Development Method): 
 
SOD-M (De Castro et al., 2009) is a method for the service-oriented development of 
IS. SOD-M focuses on the development of the behavioral aspect of IS and defines 
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guidelines for building the behavioral models from high-level business modeling. 
Following a MDA approach, it proposes a set of models starting from CIM level and 
then extending those to PIM and PSM levels. They consider two different views for 
the modeling purpose namely business view and information system view.  The 
concepts corresponding to the business view describe the elements inherent to the 
business, and these elements are represented on the CIM level using the value model 
and the business process model. The concepts corresponding to the information 
system view are elements used to describe the functionalities of the system, and these 
are represented on the PIM and PSM using use case model, extended use case model, 
service process model, service composition model, Web service interface model and 
Web service composition model. Finally, the concepts corresponding to both views, 
use to align the high-level business models and IS. They use UML notation. In this 
approach business services are identified on the basis of value models and process 
models. These identified business services are represented in the form of a textual list. 
In this way, the resource dependencies between business services cannot be rendered. 
SOD-M does support the modeling of control dependencies, but in our opinion, this is 
of limited value as these control dependencies are usually not very stable. 
 
 





Figure 2-2: Service design method schematic overview 
 
Weigand et al. (Weigand et al., 2009) build on the e
3
-value ontology to develop a 
value-based service design method. The overview of their approach is given in Figure 
2-2. This framework suggests to classify business services by categorizing different 
types of services (core, enhance, and coordination). Using the value model, the 
different kinds of services are distinguished. Then a table notation is used to describe 
services which are identified in the previous step (the table consists of four columns: 
the core service, its enhance services, its coordination services and the applicable 
policies). Following a top-down approach, the third step helps to identify the services 
at the informational level and infrastructure level which relates to software services. 
Even though strong business thinking is incorporated in web service identification, 
business service modeling with their characteristics is not worked out.  
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We compare the selected features of the above four approaches. Table 1 shows 
the results. As the above approaches follow MDA approach, the table shows the 
corresponding MDA level/s for each approach.  Each approach uses other models in 
their development process. The second attribute of the table is dedicated to represent 
the other models used in each approach. As the business thinking is a vital input of 
service design, the next row explains the business service modeling basis of each. To 
describe the service with more characteristics (for example service-resource 
relationship and classification of services), we include fourth and fifth rows into the 
table. The last row shows the modeling notation/s used in above approaches.  
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Table 2-1: Feature Comparison of selected service modeling approaches 
 
*BS –Business Services, SS - Software Services 
 
Features SOMA SOD-M WSMO SOAML Weigand et al., (2009) 
Correspondence with 
MDA levels 
CIM, PIM,  
PSM 
CIM, PIM,  
PSM 
PIM, PSM CIM, PIM, PSM CIM, PIM, PSM 
Usage of other models 




- value model and  
business process model  
Service process model 
using BPMN 
Implemented with 




















-value model  and 
business process model   
User desired goals are 
captured and listed 












resources – service 
relationship 




No No No No Yes 
*Focus is on BS / SS / 
Both 
SS Both 




List of BSs is provided   
Modeling notation UML e
3









We selected several service design approaches which incorporate business thinking 
into their modeling.  The comparison shows that even though the business thinking is 
included to the selected approaches, business services are not elaborated as such.  The 
De Castro et al. (2009), Weigand et al. (2009) and OMG (2009) approaches use 
existing business models to identify business services as a text based list. On the other 
hand the goals of business models such as e
3
-value network, Business Motivation 
Model are not identifying nor design business services.  
Several researches conducted comparisons of service analysis and design 
approaches using.  Among them, Kohlborn et al. (2009) compare 30 service analysis 
approaches. They also consider usage of SOA concepts (business services, software 
service or both) as one feature. The other features compared in their study are life 
cycle coverage, delivery strategy (top-down, bottom-up or meet-in-the-middle), degree 
of prescriptive and the accessibility and validity. They reveal that a comprehensive 
approach to the identification and analysis of both business and supporting software 





Chapter 3  
 
Service Modeling Language 
 
Modeling plays an important role in the software development process. In software 
engineering, models are used to describe both the problem (requirements) and the 
solution (design) in order to gain a better understanding of the issues involved. 
Models must be presented using a modeling language or notation. A language consists 
of syntax and semantics. The models are also needed to provide abstractions that are 
adequate for modeling a large system, while ensuring sufficient detail for establishing 
properties of interest. We introduce a new modeling notation to the proposed service 
modeling language. However, instead of introducing a new modeling notation, it is 
possible to use other notations, in particular UML diagrams (UML, 2010) with 
stereotypes. As UML is a universal language, UML diagrams with stereotypes 
approach have added advantage.  The advantage of BSRM is that the different 
concepts are easier to recognize because of the different shapes. 
One major pillar of the service modeling framework is the service modeling 
language.  The State of the Art of the service modeling languages with business 
perspective, which is described in chapter 2, reveals the deficiencies and the strengths 
of the existing approaches. The need of service modeling language with business 
perspective is   very clear. Therefore, strong business modeling basis is an essential 
requirement for the proposed service modeling language.  
Selecting proper business ontology to define the service modeling language is 
one of the major challenges of this research. As we stated in chapter 2, value creation 
has always been the most important business concern. Recently, business researchers 
have started to recognize the intimate relationship between value creation and service 
provisioning. As described in the chapter 1, S-D logic proposed by Vargo and 
colleagues (Vargo and Lusch, 2004; Alter, 2008) focuses on service provision in 
contrast to goods production (G-D logic). The shift from G-D to S-D logic is one 
from a value proposition consisting of operand (passive) resources to one consisting 
of operant (active) resources. Instead of only seeing value being created within 
companies that exchange the means for this value creation from one to another, it 
emphasizes the value being created between companies (or companies and 
consumers). Grönroos (2008) goes even further by saying that value is primarily 
created at and by the customer, and the company is just co-creator. Although the e
3
-
value business model is rich enough to identify value exchanges in a network, value 
co-creation is not addressed well. Hence for this research we make use of one 
comprehensive and well established business model ontology, the REA ontology 
(McCarthy, 1982; Geerts and McCarthy, 1999; Hruby, (2006) but also use some 
concepts from Dietz’ enterprise ontology Dietz (2006). As we described in chapter 2, 
the original REA ontology mainly treated for accounting information model. Later on 
it has been extended further, (e.g., Geerts and McCarthy, 1999; Gailly et al., 2008; 




The main objective of this chapter is to introduce the service modeling language 
called Business Service and Resource Model (BSRM). The constructs of the language 
are based on the metamodel which is grounded in REA and its extension. Therefore, 
we describe the Metamodel for the service modeling language first. The metamodel 
section has a subsection called BSRM Language Semantics, to describe the semantics 
and the axioms of the modeling language. The implementation of the metamodel 
using ConceptBase tool is described in section 3.2. Then we move to the modeling 
notation and the Service Design Examples are described accordingly.  The BSRM 
Viability Check subsection contains, among others, a comparison of selected features 
of BSRM with other models. Finally, this chapter ends with the subsection called 
Service Model Analysis which gives a general overview of value analysis of BSRM. 
3.1 Metamodel 
The proposed service model was designed to contain a minimal set of concepts and 
their relations which can be easily grasped by the users. Metamodeling is capable to 
define the constructs of modeling notations as well as their interrelation to constructs 
of other modeling notations. We illustrate the metamodel as UML class diagram 
while internally we represent them in ConceptBase (Jeusfeld et al., 2009). The 
metamodel which is grounded on Resource-Event-Agent (REA) ontology, for the 
proposed BSRM-service model is depicted in the Figure 3-1. In the REA ontology, 
type images are used to represent the intangible structure of economic phenomena 
(Geerts and McCarthy, 2004). The metamodel described in this chapter is also 
followed the typification which captures description of group of actual phenomena. 
The word ‘type’ is sometimes omitted to reduce repetition in the text.  
All the constructs of the proposed BSRM language are defined in the 
metamodel. Economic resource type is the central spot of the metamodel. The 
specialisations of the economic resource type and the different types of relationships 
are defined. The constraints of the metamodel and all the definitions of the concepts 
are defined below. 
The constraints of the metamodel: 
 Economic Resource type can be specialised as a Service type, a Physical resource 
type or an Intentional resource type. The generalization set is expressed as 
{incomplete, disjoint}, which means that the Economic Resource type can either 
be a Service Type, a Physical resource type,  an intentional resource type or none 
of the above but not falls into more than one category. According to REA, the 
resource is a thing that is scarce, and has utility for economic agents, and is 
something users of business applications want to plan, monitor, and control. 
(ISP/IEC, 2007) defines the economic resource type as an abstract specification 
of an economic resource where its grouped properties can be designated without 
attachment to an actual, specific economic resource which is classified as a good, 
a right or a service of value, under the control of a person. Following the same 
perspective of economic resource, we distinguish three separate type of economic 
resource type as physical resource type, service type and intentional resource 
type. 
 Each Service type is either an Exchange service type or a Conversion service 




that the Service type must be either Exchange or Conversion and not both. The 
service type has three roles with itself namely enhance, coordinate and part-of. 
The Enhance service is a service that aims to increase the value of another 
service. In other words, the enhance service converts another service into 
something more valuable. Hence all the enhance services are conversion services.  
If the coordination service involves both the focal and an external agent (typically 
when the coordination service supports an exchange service), then we classify 
this coordination service as an exchange service. If the coordination service 
involves services other than exchange, then we classify this coordination service 
as a conversion service. The services which have part-of relationship with core-
service are called sub-services. These services fall in to either conversion or 
exchange as those sub services are part of the core service.  
 
 Each Stockflow type is either an Inflow type or an Outflow type.  The 
generalization set is expressed as {complete, disjoint}, which means that the 
Stockflow type must be either Inflow or Outflow and not both. According to 
REA, all the stockflow types are categorised into two as inflow and outflow. 
Inflow type has two specializations and outflow type has three specializations. 
 
 Each Agent type is either a Focal agent type or an External agent type.  The 
generalization set is expressed as {complete, disjoint}, which means that the 































































 Figure 3-1: Metamodel for BSRM (UML style) 
Definitions of the concepts in the metamodel: 
 
Economic Resource Type: Economic resource type is an abstract specification of 
an economic resource where its grouped properties can be designated without 
attachment to an actual, specific economic resource (ISO/IEC, 2007). Economic 
resource is one of the key concepts in REA. REA defines the economic resource as a 
good, right or service of value, under the control of a Person. The resource-based 
view of the firm (RBV) which is build on the works of Wernerfelt (1984) and Barney 
(1991), is one of the popular strategic management concepts to be enthusiastically 
embraced by marketing scholars (Fahy and Smithee, 1999). The resource-based view 
defines the resource quite broadly. The resources include human, financial, tangible 
(such as plant, equipment, buildings) and intangible resources (such as patent. know-
how, brand names, experience and organizational routines) (Douma and Schreuder, 
2008; Caves, 1980). The notation of the resource in REA and RBV has some 
commonalities. But resource-based theory gives a broader view to the resource which 
is more aligning with strategic choices. According RBV, a resource can be the basis 
of competitive advantage only if that resource has following characteristics:  valuable 
(if it is difficult to buy due to its specialty), barriers to duplication, rare and non- 




strategic choice of identifying, developing and deploying key resources to maximize 
returns. But in this thesis we consider the economic resource as defined in REA and 
distinguish three subtypes of economic resources namely service types service type, 
physical resource type and intentional resource type. Each of them is described 
below. 
Service Type: As a service is an object that is considered valuable by actors and 
that can be transferred from one actor to another. For example the transport service 
provided by the transportation company to the passengers. In (ISO/IEC, 2007), the 
service is defined as a specialization of economic resource. However, in a service-
oriented business perspective, a service is more; a service is a value creating process 
with operand and operant resources. In REA, value is created in conversion processes 
and in exchange processes. Hence we distinguish two service specializations: 
exchange service and conversion service. 
Conversion Service: The simple definition of “conversion” is transform input into 
output. The conversion service corresponds to a group of decrement and increment 
economic events in REA.  
Exchange Services: Exchange is giving something valuable to other party in 
return of another valuable thing. The exchange service corresponds to a group of 
decrement and increment economic events in REA. As we discussed in the constraints 
of coordination service in metamodel, the coordination service can be an exchange 
service when the focal agent and external agent participate to the exchange. Then the 
exchangeable thing can be an intentional resource.  
 Physical Resource: Physical resource is another economic resource is a type that 
appears in what Dietz (2006) calls the production world. According to ISO/IEC 
(2007), physical resources are called Goods which are tangible and several examples 
of physical resources are also listed in the above reference. Such as materials, capital 
assets, real states or funds like money. The human resource is a special type of 
resource. We distinguished two types of role in human resource i.e. active 
participation and passive participation. The active participation of the human resource 
in value creation process is provisioning of human’s service. For instance, the heir 
cutter’s service in the heir cutting service.  The detail discussion of the human 
resource provisioning is available in chapter 5. We consider the passive participation 
of human resource as a physical resource. For instance, the customer in the heir 
cutting service.  
Intentional Resources: Intentional resources that appear in the social or 
coordination world, which are not material and typically need representation by 
means of informational objects or an intentional resource, can be a behavioral or 
psychological attribute or skill of a human being. For example, motivation towards to 
a work.  Usually, the intentional resource has reference to a physical resource. For 
example, Sales Order, which refers to the products in the sale. In REA, the intentional 
resources are policy-level objects. 
For further characterize a service, we need to define the possible relationships 
among the services and with other resources. The service-oriented literature typically 
distinguishes one basic relationship, “use” - one web service (customer) uses another 
(provider). When a composite service “uses” a couple of atomic services, the latter 




view, the “use”- relationship lacks sufficient semantic precision. More specific 
relations need to be distinguished. 
Stockflow: REA defines the stockflow as the relationship between Resource Type 
and the Event Type. It is lifted in BSRM to a relationship between Economic 
Resource Type and Service Type. Gailly et al. (2008) extended the basic REA 
stockflow concept by adding specialization to the stockflow relationship as inflow and 
outflow. We adopt this specialization into our model. An inflow relationship from 
resource to service means that the resource is used or consumed (value decrement), 
whereas an outflow from service to resource means that the resource is produced or 
its value is incremented. At instance level inflow can be produce and take 
relationships and outflow can be use, consume or give. At instance level for any 
exchange service there must be at least one inflow and one outflow of resources, 
which represents the exchange duality; and similar for the conversion services. 
Core Service: The service classification model developed in Weigand et al. 
(2009), categorizes services into several categories. According to this paper, starting 
point of service classification is the recognition core services. The reason for viewing 
these services as core is that they provide the raison d’être for an actor in a value 
network, as they specify what value the actor is able to provide to the network. Core 
services are easy to identify. We adopt the same idea to our service modeling. The 
core- service is not visible in the metamodel in its name. But it refers to the central 
service that appears as exchange or conversion service in physical world.  Given a set 
of core services, there is a need for a number of services that add to or can improve on 
the core services. Among these service categories enhance services and the sub-
services which have part of relationship to the core services are special types of 
services that play a major role in service modeling at business level. These service 
categories correspond to different roles of the service type in our model.  
Enhance Service: Enhance service is any service that adds value to any other 
service called its goal. An example of an enhance service is a service that advertises 
another service, or manages it. In terms of REA, enhance corresponds to a stock-
outflow (“produce”) relationship between two services, for instance, a management 
service and an operational service. 
Sub-Service: Sub-service (part-of) is motivated as follows. Assume that we have 
a service A, whose realization involves multiple value activities and it makes sense 
(economically) to view these value activities as independent services that are shared 
by different contexts.  These services are called sub-services of A. There are two 
categories of sub-services namely core-sub services and coordination services.  
 
Core-sub services: The first category of the sub-service called core sub-service, 
is defined as a service that is used somewhere in the realization of A by 
manipulating physical resources.  In terms of REA, there exists a stock-inflow 
relationship between the core sub-service and the composite service. An example 
of a core sub-service is hair washing as part of hair-dressing. 
 
Coordination services: When there are multiple sub-services, their dependencies 
need to be coordinated (Malone et al., 1994; Schmidt and Simone, 1996). The 
other category of sub-service called coordination service is defined as an enhance 




used somewhere in the realization of A.  Coordination services do their job by 
manipulating intentional resources. 
 
Agent: Following REA, we include the agent type concept to the metamodel. An 
agent is an individual or organization capable of having control over economic 
resources. Agent type is classified into two, namely focal and external.  The first 
category considers the perspective of one of the actors of the value network, to be 
called the focal agent, and identifies services needed by that actor (Weigand et al., 
2009). The focal agent type is the individual or the central organization who intends 
to view its business with service perspective. The focal agent type is more similar to 
one trading partner who participates business activities and views intra-organizational 
and inter-organizational business activities as his own view (ISO/IEC, 2007). On the 
other hand the independent viewer’s perspective, who views the business activities as 
an independent viewer, is considered as External agents.   The BSRM model always 
takes the perspective of a Focal agent. The design decision to deemphasize the 
agents/owners is in line with the SD-logic approach in which co-creation is more 
important than ownership. 
As pointed out above, a service can be exchanged between two agents in the 
same way as goods, by means of an exchange service. The distinction between the 
service exchanged (e.g., a hair-dressing, or a flight) and the service that exchanges it 
is an important “separation of concerns” principle. For coordination services 
supporting an exchange we suggest the use of generic services wherever possible. 
These can be related to business transaction phases such as distinguished in 
UN/CEFACT, (2003). In Weigand et al. (2010), a REA based characterization of 
coordination service is given in which such a service is defined on the basis of the 
coordination object it produces, such as contract (often called Purchase Order in 
practice) or reservation, 
 
 
Some remarks on the design choices for BSRM: 
 
 The BSRM ontology does not contain events. This may come as a surprise, 
especially as BSRM is based on REA. However, this design choice is a 
consequence of our service-oriented perspective. Resource dynamics are captured 
under conversion and exchange services. From the duality principle of REA it 
follows that all events can be captured this way, so they are not especially needed 
in BRSM.  
 
 Most service modeling approaches focus on process aspects and service value. 
We have included resources. Not only because they are needed to describe 
service effects and for the data modeling part, but also because resources play a 
prominent role in new service design (Froehle and Roth, 2007).  
 
 In contrast to most other approaches that only consider one type of relationship 
between services, we identify as many service linkages (five relationships as 
stock flow type and three as different roles of service type) as possible, and 





 BSRM does not aim to be an all-encompassing language, but only identifies the 
service model core. However, the core should be rich enough to allow mapping 
with complementary models such as process model and value model. 
 
 The physical and intentional resource types in BSRM appear only once in the 
model for a particular business activity. But it may have several specialisations 
when completing the business activity. For example, the delivery service which 
delivers the customers goods. In that case the delivery is the service which uses 
the goods and increases value by changing the location of the goods.  In the 
BSRM model, the goods appear only once and it has “use” and “produce” 
relationship with the delivery service. It is possible to depict the good as two 
different states, “good” and “delivered good”. 
3.1.1 BSRM Language Axioms  
The BSRM metamodel provides comprehensive definitions to the new language, but 
to complete the semantic definition, we need to specify additional axioms. For the 
ease of understanding, we write them down in plain English. 
 
 service stockflow completeness. For each service, at least one inflow and outflow 
resource should be specified. This axiom derives from the REA duality principle. 
 
 physical resource  flow completeness. For each internal physical resource type, at 
least one inflow and outflow service should be specified. For external ones, this 
is not required (as the model is bounded in scope). Although we should allow for 
partial models where this axiom is not obeyed, for practical reasons, this 
completeness axiom is important for the underlying ontology. Resources that are 
used should also be replenished somehow. Resources that are not used in some 
service do not add value, apparently, and so they should be skipped. 
 
 enhancement completeness. Enhance services, including coordination services, 
may have several inflow and outflow resources, but they should always have at 
least one inflow and one outflow of the intentional type.  
 
 intentional resource completeness. It is a characteristic of intentional resources 
that they are not consumed by use. Still, we require that for each internal 
intentional resource an inflow service is specified, otherwise the intentional 
resource cannot co-evolve with the system. If it does not co-evolve, it is 
considered to be external. Intentional resources should also have an outflow 
service specified in order to be relevant, and this service should be an enhance or 
coordination service. The latter constraint makes it possible to relate the 
intentional resource indirectly to a physical resource or physical resource 
manipulating service. Without such a relationship, the intentionality characteristic 
would be questionable. 
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3.2 Implementing BSRM with ConceptBase 
The objective of implementing the BSRM metamodel and models with a modeling 
tool is twofold. The first objective is providing a fast mechanism to build the model. 
The second objective is automatic validation of the models based on the rules and 
definitions defined in the metamodel. We select ConceptBase as the modeling tool. 
ConceptBase (Jeusfeld et al., 2009) is a tool for conceptual modeling and 
metamodeling.  It supports unlimited meta class hierarchies by representing 
information at the data level, class level (example, schemas), meta class level 
(modeling language constructs) and meta-meta class level (constructs used to define 
modeling languages). The graphical view of the models is another attractive feature of 
ConceptBase. All these reasons lead us to select ConceptBase as the implementation 
tool of BSRM metamodel and the modeling language. For example by following 
OMG MOF abstraction levels M0 level represents the data, M1 level represents 
model or schema, M2 level represents the notation, M3 level represents the notation 
definition, and so forth. In our approach the BSRM metamodel represents the M3 
level and modeling language represents theM2 level.  
For BSRM- service metamodel, we have the following definitions. Concept is the 
basic element in ConceptBase. The concepts and their relationships of the service 
metamodel are defined in the following code.  Economic resource type is the central 
concept of the service metamodel. First block of code defines the economic resource 
type and its possible relationships.  Second block of code defines the Service type is 
which is a specialization of an economic resource type with its relationships to 
coordinate, enhance, part of services. The rest of the code defines the all the concepts 
and the relationships with constraints   which are defined in the service metamodel.  
 
 
EconomicResourceType in Concept with 
  connectedTo 
     stockflow: EconomicResourceType; 
     flowToService: ServiceType;  
     flowToSingleService: ServiceType; 
     flowToMultiService: ServiceType 
  end 
 
AgentType in Concept with 
  connectedTo 
    control: EconomicResourceType 
end 
 
ServiceType in Concept isA EconomicResourceType with 
  connectedTo 
     coordinate: ServiceType; 
     flowToResource: EconomicResourceType; 
     enhance: ServiceType; 
     partOf: ServiceType 
     take: EconomicResourceType; 
     produce:EconomicResourceType; 
     give: EconomicResourceType; 
     use: EconomicResourceType; 
     consume:EconomicResourceType 
end 
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PhysicalResourceType in Concept isA EconomicResourceType end 
IntentionalResourceType in Concept isA EconomicResourceType end 
 
The constraints for the stockflows are defined as active rules. 
 
ECArule Take_Map with 
  ecarule 
        er : $  s/ServiceType r/EconomicResourceType 
        ON Tell (s take r)  
        IF TRUE 
        DO Tell (r flowToService s)  
        $ 
end 
 
ECArule Give_Map with 
  ecarule 
        er : $   s/ServiceType r/EconomicResourceType 
        ON Tell (s give r)  
        IF TRUE 
        DO Tell (s flowToResource r) $ 
end 
 
ECArule Produce_Map with 
  ecarule 
        er : $   s/ServiceType r/EconomicResourceType 
        ON Tell (s produce r)  
        IF TRUE 
        DO Tell (s flowToResource r) $ 
end 
 
ECArule Consume_Map with 
  ecarule 
        er : $   s/ServiceType r/EconomicResourceType 
        ON Tell (s consume r)  
        IF TRUE 
        DO Tell (r flowToService s) $ 
end 
 
ECArule Use_Map with 
  ecarule 
        er : $   s/ServiceType r/EconomicResourceType 
        ON Tell (s use r)  
        IF TRUE 




The constraints are also defined as query classes. 
 
FlowServiceType in QueryClass isA ServiceType with  
   constraint  
hasInOut: $ exists r1,r2/EconomicResourceType  
(this stockflow r1) and (r2 stockflow this) $  
End 
 
{* a coordination service is simply a service that coordinates another 
service *} 
CoordinationServiceType in QueryClass isA ServiceType with 
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   constraint 
     csupp: $ exists s/ServiceType (this coordinate s) $ 
end 
 
{* an enhance service is a service that enhances another service *} 
EnhanceServiceType in QueryClass isA ServiceType with 
   constraint 
     csupp: $ exists s/ServiceType (this enhance s) $ 
end 
 
The complete code is available in appendix A. 
3.3 BSRM Modeling Notation 
In this section, we propose simple modeling notations to the metamodel introduced in 
the section 3.1. For the clear differentiation between services and the other resources 
we use different symbols. Services are denoted as rounded rectangles (symbol of 
terminator) and other resources are denoted as square rectangles. We differentiate 
services further; for Conversion service we filled with a color and for the Exchange 
service the label in the box is ended with the word Exchange. The relationships show 
the flow of the resources by an arrow head. From the resource perspective, the inflow 
represents the “produce” or “take” relationship and the outflow represents “use”, 
“consume” or “give” relationship. We distinguish “use” and “consume” relationships 
separately.  “Use” of resource means the resource is allocated for particular period for 
one activity and then it is released. On the other hand if a resource is consumed, the 
allocated resource not exists at the end of the service completion. Hence we represent 
these two relationships with two different notations.  The “use” relationship is 
represented as a dashed line ended with arrow symbol. All kind of “part-of” relation is 
rendered as a line ended with diamond symbol (following UML) and the enhance 
relationship by a dashed arrow with a + mark. As far as terminology is concerned, we 
avoid adding the word “service” to each service name. A summary of the modeling 
notation is given in table 2. 
Note that agents are not explicitly represented in the BSRM model. A BSRM 
model always takes the perspective of a particular agent, so that the “give” and “take” 
stockflows are unambiguous. However, this does not mean that all resource types in a 
BSRM model are owned by the focal agent, as it is considered important to model the 
effect of a service on resources of the customer. The design decision to deemphasize 
the agents/owners is in line with the SD-logic approach in which co-creation is more 
important than ownership. 
As mentioned in the introduction of this chapter, instead of introducing a new 
modeling notation, it is possible to use other notations, in particular UML diagrams 
with stereotypes. UML approach has added advantage as UML is a universal 
language. In this research, we identify several service categories, their roles and the 
relationships with services/resources. The advantage of BSRM is that the different 
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Table 3-1: Summary of the modeling notation 
 
Service is denoted as a rectangle with rounded widths (Conversion services are filled with a 
color and exchange services are not filled with a color.)
Physical resource is denoted as rectangles  
Intentional resource is denoted as dashed rectangles  
Co-sub Service  relationship are denoted as
Coordination relationship is denoted as  





Stock outflow relationships (consume/give) are denoted as
Stock outflow relationships (produce/take) are denoted as  
“Use” Stock outflow relationships is denoted as  
 
3.4 Service Design Examples 
This section illustrates two simplified examples using BSRM. Figure 3-2(a) depicts 
the case of sales of goods. This can be modeled as the ProductExchange service. The 
ProductExchange service has give and take relationships with Product and Money 
accordingly. As the value of the Product is decreased after the exchange, the arrow 
head is out from the Product. For the Money it is opposite (arrow head is inwards to 
the Money). That is because of the value of the money is increased after the 
exchanged. The exchange service is initiated by SalesOrderProcessing  which is a 
sub-service more specifically a coordination sub-service. It uses SalesOrder which is 
an intentional resource. YellowPage is acting as enhance service to the exchange 
service by increasing its publicity.  
Figure 3-2 (b) shows the simplest version of production.  The Produce service is 
conversion service type and has a use relation with Part and Tool. The Produce 
service has “produce” relation to the Product. We define human resource involvement 
in the production as an enhance service-EmployeeServiceProvisioning. (more detail 
discussion about human resource involvement is available in chapter 5.) 
ProductionOrderProcessing is a coordination sub-service to the Produce service. The 
ProductionOrder acts as an intentional resource which is used by 
ProductionOrderProcessing.  
The two examples represent in fact quite general patterns (cf. Hruby, 2006). 
BSRM encourages service modelers to build their models by combining generic 
patterns and specializing them to the domain in question. The development of such a 
pattern library is described in chapter 4. 






















Figure 3-2: Product exchange service and Produce conversion service 
 
We demonstrate the implementation of the model level using ConceptBase we 
illustrate a part of the sample code in ConceptBase for the ProductExchange service. 
This is a representation of meta-meta class level (M1 level). 
 
YellowPage in ServiceType with 
  enhance 
    service1: ProductExchange 
end 
 
SalesOrderProcessing in ServiceType with 
  coordinate 
     service1: ProductExchange 
end 
 
Product in IndividualizedResourceType with 
  flowToService 
     flow1: ProductExchange 
end 
ProductExchange in ServiceType with 
  flowToResource 
     flow2: Money 
end 
 
SalesOrder in IntentionalResourceType with 
  flowToService 
     flow3: SalesOrderProcessing 
end 
 
Based on the main concepts which were defined in the M2 level (see sub section 3.2) 
we derive the M1 level constructs. The first block of code defines the YellowPage 
service. YellowPage is a service type and it has enhance relationship with 
ProductExchange service. The rest of the codes define the services and resources with 




3.5 Model Synchronization 
A model is a set of rules or procedures for representing a phenomenon. Different models 
represent different aspects.  The BSRM provides service-oriented view at business level.  
In line with MDA approach, the BSRM represents the CIM level which describes the 
environment of the system is used.  In system development, it is generally accepted that it 
is not feasible to put all relevant concerns in a single model. As BSRM is new modeling 
language, it is useful to investigate the semantic relevancies with other models. Hence, we 
carry out model synchronization in two directions. The first one is the horizontal 
synchronization which is performed in same level (CIM) of models in particular ERD and 
e
3
-value model. And the next synchronization is vertical in which the mapping between 
CIM and PIM levels, in particular the BSRM is mapped with BPMN. The intention of 
synchronization of BSRM model with ERD and e
3
-value network models is not converting 
BSRM into another model, but assessing its possible relevance with other models. The 
BSRM and business process mapping generates the abstract processes. 
   
 
Figure 3-3: Service model mapping 
Among the several concerns in system development, data modeling is a basic issue to be 
addressed. Hence we selected ERD to represent the data aspect. As the e
3
-value network is 
widely accepted business modeling ontology, we considered BSRM and e
3
-value network 
synchronization as well.  However, when multiple models are used, they need to be used 
in a consistent way. In this synchronization process, the BSRM model can be used as 
central hub (Figure 3-3).  The horizontal synchronization in which, the model 
synchronization in between BSRM model with ERD (arrow 1 in the diagram) and e
3
-value 
model (arrow 2 in the diagram) is direct. These two synchronizations are discussed in 
section 3.5.1 and 3.5.2 accordingly. The vertical mapping where the BSRM is mapped 
with process model is discussed in 3.5.3. As this mapping is not direct, we consider the 
coordination view of the BSRM. The link between ER model and the process model 
(dotted arrow 3) is not a mapping but finding out possible correspondences between two 
models. The link between e
3
-value model and the process model (dotted arrow 5) also has 
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the same objective as previous. These two links which are represented by arrow 4 and 5 
provide additional information when generating the process model from the BSRM 
coordination view.  
3.5.1 Data Model Perspective 
The business service model mapping with conceptual data models is important for 
several reasons. Identifying data stores is one of outcome of data model analysis. 
These data stores also reoccur in the BPMN process models. Data model analysis may 
also feedback into service model. For example, many-to-many relationships in data 
model reveals the need of new entity which are not visible in the service model. We 
identified general rules for the model mapping that are in line with the current 
practice of REA/ER mapping (Romney and Steinbart, 2008). 
 
R1: For every Service Type in the service model there is an Entity Type in ER model. 
R2: For every Physical Resource Type in the service model there is an Entity Type in   
      ER model. For the Resource Type “Money”, there is both an Entity Type     
      MoneyContainer and a related EntityType MoneyTransfer. 
R3: For every Intentional Resource there is an EntityType in ER model. 
R4: Stockflow relationships correspond to a (weak) EntityType  (“Relationship” Type 
       in classical ER), labeled give, take, use, or produce. This EntityType may get an     
       attribute Period and an attribute Amount. 
R5: Partof, and enhance relationships correspond to an Entity Type   
       (“Relationship” Type in classical ER). The labeling must be made on the basis of 
      domain knowledge, e.g., “reserve”, “manage”, “publish”. 
 
About R2: it is clear that every physical resource type that can be individualized 
(e.g., driver, truck) corresponds to an entity type. For physical resources that cannot 
be individualized (or dealt with as non-specific) it must be assumed there are domain-
specific Container entities with a “level” attribute. We take this to be part of the ER 
modeling task. Since Money is a resource type that occurs in every exchange, we 
have formulated a special rule for this case only. In the ER model there must be a 
money Container type, like Bank Account, and there is a Payment event that increases 
or decreases the Container. This Payment may refer to multiple exchanges, e.g., if the 
Customer pays all his bills once per month. 
About R4: Conversion inflows are either use or consume. In the case of “use”, 
the resource is allocated to the service for some Period. If the related ResourceType is 
not specific, then a certain Amount of the ResourceType is affected. 
 
Example: 
Figure 3-4(A) models the “transport exchange” service for a transportation company. 
Transport exchange service gives transport service and takes money. The transport 
service uses trucks. Upper part the Figure 3-4(B) shows the initial ER model derived, 
to which connectivity is added (classical ER notation). Conceptual data modeling 
includes classification of the relationship types in terms of connectivity. This 
information cannot be derived from the service model. 
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The lower part of Figure 3-4(B) illustrates how the data modeling may potentially 
feedback into the service model. The relationships which have many-to-many 
connectivity are decomposition points in the ER model. In the cargo transport 
domain, a truck can carry multiple packages at the same time, and a transport between 
source and destination may have to be split up in many intermediate drives. Note that 
in other transport domains, e.g., the taxi domain; the situation may be quite different. 
For the truck transport domain, at least one extra EntityType Truck Drive must be 
introduced. It is useful to feed this back to the service model, because it signals that a 


































Figure 3-4: Transport- exchange service mode and ER model 
 
To represent the mapping rules in ConceptBase, we first need to represent the 
source and target notations (BSRM, ER) as meta-classes. Whenever possible, we use 
so-called query classes to define the constructs. A query class is the deductive 
counter-part of a defined concept in description logic (Staudt et al., (1993); Borgida, 
(1996); Baader et al., 2003). Its extension is all objects that fulfill its membership 
condition (sufficient condition). All other constructs are represented as ordinary meta-
classes, i.e. their membership conditions are necessary. For BSRM, we have the 
following definitions (excerpt): 
 
ServiceType in Concept isA EconomicResourceType with  
   connectedTo  
coordinate: ServiceType;  
flowToResource: EconomicResourceType;  
enhance: ServiceType;  
partOf: ServiceType  
end 
FlowServiceType in QueryClass isA ServiceType with  
   constraint  
hasInOut: $ exists r1,r2/EconomicResourceType  
(this stockflow r1) and (r2 stockflow this) $  
end 
SellServiceType in QueryClass isA FlowServiceType with  
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   constraint  
isSell:  $ (forall rout/EconomicResourceType  
(this stockflow rout) ==> (rout in MoneyType) ) and 
(forall rin/EconomicResourceType (rin stockflow this) ==> 
(rin in GoodsType) ) $  
end 
  
The mapping rules are also defined as query classes. Formally, they return the 
elements of the BSRM model that are correctly mapped to the target model (here the 
ER diagram). We include the representation of the rules R1 and R2: 
 
EconomicResourceType with  
  connectedTo  
     storedAs: EntityType  
end  
EconomicResourceType!stockflow  
  connectedTo  
     storedAs: EntityType  
end  
R1_ServiceType_WithEntityType in QueryClass isA ServiceType with  
  constraint  
     r1: $ exists et/EntityType (this storedAs et) $  
end 
R21_MoneyType_WithNumberAttribute in QueryClass isA MoneyType with  
  constraint  
    r4: $ exists et/EntityType d/NumberDomain (this storedAs et)  
            and (et entAttr/amount d) $  
end  
  
The first two frames define the 'storedAs' link between the BSRM and the ER 
notations. This link is used to represent a mapping between the two notations. The 
third frame is the query class for rule R1. BSRM, each ServiceType shall be linked to 
an entity type being its counterpart on the data model. Rule R2 is mapped to several 
query classes, of which we only display the first one R21: a money resource is 
mapped to an entity type that has an amount attribute.  
The logical-based representation allows not only to retrieve those BSRM model 
elements that have been correctly mapped, but also to retrieve the unmapped 
elements, e.g., by: 
 
(x in MoneyType) and not (x in R21_MoneyType_WithNumberAttribute) 
 
This condition can be used in active rules that actually generate the required ER 
elements. The active rule specifies certain actions that have to be executed if an event 
occurs. 
3.5.2 The Value Network Perspective  
In this section we map the service model with the e
3
-value business model. The e
3
-
value value ontology Gordijn et al. (2000) aims at identifying exchanges of resources 
between actors in a business case and it also supports profitability analyses of 
business cases. The basic concepts in e
3
-value are actors, resources, value ports, value 
interfaces, value activities and value transfers (Figure 3-5).  




Figure 3-5: Basic e3-value concepts 
 
An actor is an economically independent entity. A set of actors can be grouped 
into a market segment. A resource (also called value object) is something that is of 
economic value for at least one actor, e.g., a service. A value port is used by an actor 
to provide or receive resources to or from other actors. A value port has a direction: in 
(e.g., receive goods) or out (e.g., make a payment), indicating whether a resource 
flows into or out from the actor. A value interface consists of in and out ports that 
belong to the same actor. Value interfaces are used to model economic reciprocity and 
bundling. A value exchange represents one or more potential trades of resources 
between these value ports. A value activity is an operation that can be carried out in 




We use the same example used in previous section (“transport exchange” service 
for a transportation company). Figure 3-6 illustrates value modeling and a mapping 
from the service model. The (implicit) focal agent of the BSRM model is mapped to 
an e
3
-value actor. The value interface corresponds directly to an exchange service 
(which also induces another e
3
-value actor to be added). For every in-port in a value 
interface in the e
3
-value model, there is a take relation in the exchange. Each out-port 
in a value interface corresponds to a give relation in the exchange service. Value 
objects, which are depicted as a label on the arrow in e
3
-value, correspond to the 
economic resource types that are given or taken in the exchange. In principle, value 
activities can be mapped with conversion services. However, the relationships that 
BSRM represents between conversion services and resources cannot be represented in 
e
3
-value, so we have omitted this mapping.  





R1: For every exchange type service in BSRM, there is a value interface in the value   
      model. 
R2: For every “take” and “give” relationships in service model, there are “in” and     
“out” ports respectively, in the value model. 
R3: For every physical resource type in service model, there is a value object in the     
value model. 
R4: For conversion type service in service model, there is a value activity in the value  
model. 
R5: Intentional resources and coordination services are left out of the value model 
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  model, unless they are offered by a third party. In that case, there is a value 











Figure 3-6: Value network perspective 
3.5.3 The Business Process Perspective  
 First, we describe the links between data model and business process and the e
3
-value 
network and the business processes. Business process model and data model play 
important roles in information system construction. They represent two different 
perspectives of business knowledge. The data model describes the data that flows through 
the business processes. In business process diagrams, the data is represented as data stores. 
However, all the details represented by the ERD are not visible in the process model. For 
example: relationships among entities. Data stores of the process model cannot be derived, 
when mapping BSRM coordination view to the process model. Hence, the traceability 
between ERD and process model helps to discover the possible data stores in the process 
model. 
Generating process models from more abstract models has been tried before. Several 
researchers (Weigand et al., 2007; Pijpers and Gordijn, 2007; Andersson et al., 2006; 
Wieringa et al., 2008) proposed to build the process model from an e
3
-value model. 
Weigand et al. (2007) proposed a transformation technique starting from value model 
show how the ontological gap between the value model and the aspect models can be 
bridged using at least three process aspects: the resource management, the 
communication and the risk assessment. Pijpers and Gordijn, (2007) proposed a method 
that makes an intermediate model called e
3
 transition model based on value model. 
Andersson et al. (2006) proposed a method that starts with value model and follows a 
chain of steps and identifies sub-processes. From this work, we can conclude that 
generating a process model cannot be formalized completely, as it involves making design 
choices. In this section we consider the mapping between the BSRM and the process 
model. We also make use of an intermediate step and aim at providing essential 
mapping rules rather than a formalized transformation. 
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3.5.3.1 Model View Points 
In this particular mapping we introduce coordination view point for the BSRM model. 
So, first we describe the coordination viewpoint and then we move to the mapping 
between BSRM and process model. A viewpoint is an abstraction view of a system 
which is focusing on a particular set of concerns while suppressing all irrelevant 
details. Some of the key concepts become clearer and visible with different 
viewpoints. To have a better insight into BSRM, we distinguish two viewpoints 
namely Business Viewpoint and Coordination Viewpoint. 
Coordination services operate on intentional resources. They correspond to 
operational services in the EM-BrA2CE ontology (Goedertier et al., 2007) that are 
said to change the state of business activities. They relate to both the production world 
and coordination world. For example, a Sales Order Management service supports a 
(production world) product exchange, but it is itself a coordination world conversion 
service that produces a commitment in the form of a Sales Order. When service 
models grow, it is possible for practical reasons to split up a BSRM model into a 
business service viewpoint and a coordination service viewpoint. The former focuses 
on the production world and leaves out coordination services, whereas the latter 
focuses on the coordination services and models them completely (the intentional 
resource types that they manipulate, the production world service that they support, 
but not the rest of the business service model). 
Since intentional resource types are not material and typically need representation 
by means of informational objects, coordination services correspond closely to web 
services at the PIM level (cf. The Business Process Perspective section). We view 
them as boundary objects (Wenger, 1998) that support crossing the boundaries 
between the business domain and the IT system domain. 
3.5.3.2 BSRM and Business Process Mapping  
Business process modeling aims to describe the internal and external business 
processes of an organization. One widely-used notation in business process modeling 
is BPMN 1.1 (BPMN OMG, 2008).  
The coordination viewpoint of the service model plays a pivotal role when 
mapping with the process model. This mapping can be used to generate an initial 
process model after the service model has been fixed.  In other words, this mapping 
gives a guidance to identify basic core processes in the process level. These processes 
can be realized in different ways. So the BSRM model can be considered as an 
abstraction layer on top of the processes up to certain extend. To show how, we 
concentrate on the ProductExchange service (Figure 3-7). It corresponds to a swim 
lane in the process model. The coordination services map to sub-processes (that will 
often have the transaction property) in the swim lane, and resource dependencies 
between them map to a control flow relationship. Intentional Resources correspond to 
messages that are exchanged between processes. Strictly speaking, an Intentional 
Resource, e.g., a reservation, is an abstract entity, not a message, but just because it is 
abstract, it needs a data representation, which motivates this mapping. 
In BPMN 2.0 exchange services would correspond to choreographies, but in 
BPMN 1.0 we have to split them up over two swim lanes. Within BPMN, sub-
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processes can be decomposed into a series of activities and message exchanges. If we 
define coordination services strictly on the basis of coordination objects, each service 
sub-process has a well-defined number of possible activities and messages (like 
“request”, “cancel”), besides the coordination object itself. To derive the activities 
and messages, one can draw on well-established transaction patterns (Dietz, 2006; 
Weigand and van den Heuvel, 1999).  
The value network model provides an additional input to the process model: actors 
in the value network correspond to pools in the process model. Data stores are derived 












































Figure 3-7: Business process perspective 
 
In principle, the mapping is straight-forward. Coordination services correspond to 
basic web services whereas exchange services correspond to “business services” in 
the sense of (Papazoglou and van den Heuvel, 2006), that is, orchestrations of web 
services.  It is possible to formalize the service model mapping with BPMN process 
model by deriving mapping rules as listed below.  
 
R1: Every exchange service in the service model corresponds to at least two   
       swimlanes in  the process model.  
R2: For every coordination service in the service model, there is a sub-process in a  
      swimlane in the process model.  
R3: Core sub-services in both exchange and conversion services correspond to  
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      sub-processes as well. The control flow must be aligned with the resource 
      dependencies.  
R4: For every intentional resource in the service model, there is a message exchange  
      in the process model.   
3.6 BSRM Viability Check 
Evaluation and validation of research artifacts is part of the design science approach.  
The accuracy of the modeling language is an important indicator of its viability. As 
BSRM is a new modeling language, the systemic evaluation and validation of the 
modeling technique is of vital importance. The validation of the research is discussed 
in chapter 6. Part of the evaluation is covered in this section. The literature review of 
evaluation techniques for systems analysis and design done by Siau & Rossi (2008), 
shows that the metamodeling approach is one of a common model evaluation 
technique.  Metamodeling represents a modeling process that takes place at one level 
of abstraction and logic higher than the standard modeling process (Gigch, 1991). As 
we derive the constructs and logic of BSRM from the metamodel, the model can be 
evaluated in an objective way. The concepts and the constraints in the metamodel 
were defined using ConceptBase which provides support to any OMG MOF 
abstraction level. In particular metamodel implemented with ConceptBase represents 
M2 level. When deriving the instance models the constraints have to be satisfied.  As 
the service metamodel is defined as classes, attributes, associations and constraints in 
ConceptBase, the correct use of above modeling concepts and logic at model level is 
automatically guided.  
Secondly, the BSRM feature comparison with other service modeling approaches 
(which were discussed in the background section) is also included as a part of 
evaluation of the proposed modeling language.  As we followed MDA approach and 
business modeling perspective, these two were selected as features for comparison. 
“Horizontal and vertical mapping with other models” are considered as important 
features, because it reveals how much constructive the new model with other well 
established models.  As resources are important ingredient of value co-creation which 
is the main focus of the service, we considered the resource-service relationship as the 
next aspect to be compared. Finally modeling notation is also taken into account.  The 
results are listed in Table 3-2. 
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Table 3-2: Feature Comparison of BSRM with other service modeling approaches 
*BS –Business Services, SS - Software Services
Features BSRM SOMA SOD-M WSMO SOAML Weigand,et al., 
(2009) 
Correspondence with MDA 
levels 
CIM, PIM, PSM CIM, PIM, PSM CIM, PIM, PSM PIM, PSM CIM, PIM, PSM CIM, PIM, PSM 
Horizontal Mapping with 
other models 




-value model and 
ER model 
 (Partial)  
e
3
- value model and  











Vertical Mapping with other 
model 




 (Partial)  
Service process model 
using BPMN  
(Partial)  






-value model to 
map vertical mapping 








-value model  and 
business process model  
provides list of business 
services 
User desired goals are 
captured and listed 
down in WSML 
language.  
Business 







Classification of Services 
 
Yes No No No No Yes 
Consideration of resources –
service relationship 
Yes No No No No No   










Provides  text based 
list of BSs  













Feature comparison of BSRM with other approaches reveals several similarities 
as well as specific features to BSRM. However, none of the above research works 
provides a systematic notation of service design at CIM level except BSRM. 
Although the e
3
-value business model is rich enough to identify value exchanges in a 
network, value co-creation is not addressed well. As the resources are first class 
citizen of REA, BSRM gives a better insight to the value co-creation which is the 
main focus of services. All in all, we can conclude that a major feature of BSRM is 
strong business thinking. 
3.7 Service Model Analysis 
Although the value of CIM business models for system development is clear, business 
analysts are often not very motivated to cooperate if the models do not support some 
analysis as well. Indirectly, such an analysis also benefits the developer, as it will 
improve the quality and stability of the models. Although, we mention several 
analysis for business users, the complete analysis method is not given for the first two 
points.  Without going into details, we mention the following possibilities.  
 
 Value chain analysis  
Value chains (in BSRM built up from service/resource links) have been used in 
audit theory for control purposes, but are also a basis for cost analysis and the 
analysis of entrepreneurial viability (Griffioen et al., 2000). On the other hand, 
the requirement list for model- based auditing (Weigand and Elsasb, 2012) shows 
that REA which is the underlying business ontology of the BSRM, aligns with 
the fundamental auditing principles. Linkages between services (across the 
boundaries of business units and the organization) should be analyzed, for 
instance, for the synergy of merging similar services into generic shared ones 
(Porter, 1985; Stabell and Fjeldstad, 1998). An advantage of BSRM is that it can 
model both the primary value activities and the supporting value activities in a 
formal way. This in contrast to most process models, that only focus on the 
primary activities.  
 
 Customer value analysis.  
Following SD-logic (Alter, 2008; Grönroos, 2008), the BSRM model can be 
extended to the customer or business partner domain, to analyze where and how 
customer value is created. For example, a transportation service creates value for 
a business customer as it supports its logistic process. Customer value analysis 
may proceed by modeling this logistic process, and improvements could be 
found, either by extending the transportation service or by improving the 






Chapter 4  
 
Business Service Patterns  
 
Patterns are used in many areas for different purposes. The patterns in software design 
are reusable objects which reduce the design time while providing the template of 
domain concepts. The analysis pattern book by Martin Fowler (1996) is a good 
example. The systematic use of patterns promotes the quality, standardization, 
reusability and the maintainability of the software artifacts (Bottoni et al., 2010). In 
this chapter we describe the Business Service Patterns (BSPs), its operations and its 
usage in model composition. Business patterns are reusable models that describe how 
the companies perform businesses (Hruby, 2006). Business Service Patterns describe 
the structure of the business from a service perspective. The purpose of using business 
service patterns is twofold. Firstly, the reuse of patterns reduces the design time while 
assuring that the designer does not violate the domain concepts.  Secondly, it provides 
guidance to capture the real business activities as services.  
All the patterns presented in this dissertation are based on pattern structure 
specifications. The pattern structure specification consists of following details. It 
provides the graphical structure, the basic information and the constraints to construct 
the pattern. As it is not possible to provide all the business service patterns for a 
particular business domain within this research, we limit ourselves to the most 
fundamental business activities. Hence, we select the value chain activities of Porter’s 
(Porter, 1985) for manufacturing domain and several selected area in service domain.  
We develop minimal set of BSPs, within each category of Porter’s value activities. 
For the service domain, we develop one generic pattern for all kinds of service 
industries and for selected areas including utility services, personal care, insurance, 
etc.  As we mentioned in chapter 2, Hruby (2006) defines more than 20 business 
patterns based on REA that describes the structure and the functionality of a business. 
Therefore, we select the same examples as in Hruby (2006), wherever possible. 
As patterns are used to symbolize repetitive activities, they represent more 
standardized businesses occurrences. However, today’s companies constantly search 
for new business opportunities to satisfy the customer’s diverse needs and to survive 
in the business. Prahalad and Krishnan (2008) addresses the above dual aspects by 
defining a new   landscape of business, driven by consumer co-creation and service 
customization. The main focus of their work is serving one customer at a time 
(formulated as N=1) and sourcing resources globally (formulated as R=G). The firms 
should build capacities to access the global network of resources to co-create unique 
experiences with customers. Hence, the firm requires internal capacity to reconfigure 
resources in real time. So, the standard business solutions are not sufficient to deal the 
dynamic business needs.  The proposed service design framework is flexible enough 
for the expansions and the modifications in systematic way. The merging of patterns 
is defined through Business Service Pattern Operator called “Merge”. Moreover, the 
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Outsourcing Pattern Specification provides an opportunity to model the concept of 
global sourcing of resources - R=G (Prahalad and Krishna, 2008).  
The patterns alone do not create a model.  The systematic composition of patterns 
creates a model. The research work of Bottoni et al. (2010) which is grounded in 
category theory (Lane, 1998) provides a formal approach for pattern specification and 
pattern-based model completion. We follow the definitions suggested by Bottoni et al. 
(2010), for pattern structure specification and pattern composition. We present two 
operations for the pattern structure specifications to derive patterns. The pattern 
composition is described using Business Service Pattern Operators (BSPOs).   
Finally, we provide the design steps to guide the designer to construct the business 
service model for the given problem. 
Section 4.1 of this chapter defines the pattern structure specifications. There are 
seven pattern structure specifications which represent the five categories of services 
identified in the service metamodel. These specifications describe the basic 
information   about the service which they represent.  Following Bottoni et al. (2010), 
we define pattern operations to derive domain specific patterns using the pattern 
structures in section 4.2. Porter’s value chain activities and it’s alignment with 
business services are described in section 4.3. We present generic BSPs for each 
category of primary and supporting activities in sections 4.4 and 4.5 respectively. The 
BSPs for service industries are described in section 4.6. The section 4.7 describes the 
business service pattern operators.  Section 4.8 provides design steps to construct the 
enterprise business service model. The chapter ends with providing service integration 
mechanism with web services. 
4.1 Specification for Business Service Pattern Structures 
A metamodel offers the concepts for formulating a valid model. The exact 
relationships for a given concepts are not explicitly visible in the metamodel. For 
example the metamodel shows the relationships of the exchange service and the 
resources as stock inflow and outflow. But this relationship has to be further 
described as give and take relationship in the model level. Hence, we define pattern 
structures on top of the definitions in the metamodel. We define seven specifications 
for business service pattern structures for five categories of services (exchange, 
conversion, sub-service, coordinate and enhance) identified in the service metamodel. 
Patterns are derived using one or more of these five categories. Therefore, all the 
patterns follow the pattern structure specification/s which they are built. 
The pattern structure specifications are based on a formal background. We follow 
Bottoni et al. (2010), which proposed a formal approach to the specification of 
patterns, pattern analysis and model completion. Following Bottoni et al. (2010), we 
identify the pattern structure as a variable pattern.   The variable pattern contains a 
fixed part called root, and a variable part  . The variable part can be replicated.  
 
Definition : A variable pattern is defined as  
VP=(P, root, Emb, name, var) 
Where 
- P= {V1,.....,Vn} is a finite set of non-empty graphs where each Vi is called 
variable part, 
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- root is a distinguished element of P, also called the fixed part, 
- Emb is a set of morphisms             with        , such that it 
spans a tree rooted in root   with all graphs Vi   as nodes and 
morphisms vi,j      as edges, 
- name: P →  is an injective function assigning each variable part a name 
from a set of variables L, of sort   
- var                  is a set of equations governing the number of 
possible instantiations of the variable parts. These equations use 
variables  in            arithmetic operations and are restricted to 
use the <, ≤, =, >, ≥ relation symbols. We call this signature “Algebraic 
Inequalities” (∑AlgEq) and hence              ) is the term-algebra 
with variable in name (P). 
  
For example, the Figure 4-1 shows the pattern structure of the exchange service. 
For the exchange service pattern structure, exchange service is the fixed part (the 
root), and the other services and resources can vary. The valid expansions and the 
minimal requirements of the variable part are defined in the constraints of the pattern 













    Root   variable parts 
Figure 4-1: Variable Pattern 
 
Here we present the full definition with the example. 
VP= (P=( VExchange, VOutflowResource, VCoordinate, VInflowResource) , 
 root= VExchange, 
 Emb= (vExchange, OutflowResource: VExchange→ VOutflowResource, 
            vExchange, Coordinate: VExchange→ VCoordinate. 
            vExchange, InflowResource: VExchange→ VInflowResource), 
name= {( VExchange, Exchange), (VOutflowResource, OutflowResource), (VCoordinate,  
Coordinate), (VInflowResource, InflowResource)}, 









Each morphism (vExchange, OutflowResource,  vExchange, Coordinate, vExchange, InflowResource) in the 
embedding set represents the mapping from Exchange service to OutputResource,  
Coordinate and InputResource accordingly. Each part of the Var describes the 
constraints when instantiating the variable part.  
OutflowResource ≥ 1:  at least one outflow resource is required in the Exchange  
service pattern 
Coordinate≥ 0: coordination service is always not required in the Exchange service  
               pattern 
InflowResource≥1: at least one inflow resource is required in the Exchange service  
                        pattern 
 
The business service pattern structure specification describes the structure of the 
service, resource and their relationships in a general form and the constraints which 
has to be followed. In the specification there are no domain specific services or 
resources. We use the following style to document the pattern structure specification. 
 
Name: Describes the name of the specification of business service pattern 
structure. We select the first three letters of each name. (when there 
are sub categories under one specification, we use three letter plus  
another letter as a suffix) 
 
Description:  Describes the basic information about the business   service, which 
is included in the structure. 
 
Parameters:     Describes the parameters. 
 
Pattern: Describe the pattern 
 
Constraints: Describes the minimal requirements that has to be satisfied by the 
pattern structure and the restrictions  
Graphical Structure: Describes the graphical representation of the pattern 
structure.    
4.1.1 Specification of the Exchange Service Pattern Structure 
The exchange service is one specialization of the service type in the service 
metamodel. According to the REA ontology, exchange corresponds to a group of 
decrement and increment economic events. In this section, we describe the 
specification for exchange service pattern structure. Depending on the constraints we 
distinguish three categories of exchange service. The first one is exchange of 
physical/intentional resource. The exchange of service appears in two ways. i.e. sale 
of service and outsourcing. We demonstrate these three categories in the next sub 
sections.   
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4.1.1.1 Specification of the Exchange Service Pattern Structure  
(Exchange of Resource- Physical or Intentional)  
 
Name:   Exchange_Resource 
Description:   “Exchange” is a giving something valuable to another party in 
return of another valuable thing. This is a basic business transaction 
in any company. It can occur business to business, business to 
customer, business to supplier, business to government etc. The 
exchangeable thing is a physical resource or intentional resource. 
Parameters: FA: Focal Agent, EA: External Agent 
Pattern: Exchange service has give and take relationship with resources. The 
business service pattern structure for exchange of physical resource 
service is shown in Figure 4-2. 
Constraints:    
- At least one resource inflow and outflow have to be defined for the 
exchange service  
- At least one resource inflow of the exchange service belongs to the 
focal agent. This ensures that the focal agent really contributes 
something 
- At least one resource outflow belongs to the external agent. This 
ensures that the service has value for the external agent 
- Enhance, coordination and core-sub services are optional 
 
The constraints are represented as ConceptBase query class (Staudt et al, 
1993; Staudt et al, 1994; Jeusfeld, 2008) as given below. The 
ResourceExchange service is defined as a query class with two parameters 
(focal agent and external agent). The constraint name is c1 and it is defined 
within the $ symbol. The word “this” refers to the query class – 
ResourceExchange.  
 
ResourceExchange in GenericQueryClass isA ServiceType with 
   parameter 
      FA: AgentType; 
      EA: AgentType 
   constraint 
      c1: $ exists OutflowResource,InflowResource/EconomicResourceType 
                   (this give OutflowResource) and 
                   (this take InflowResource) and 
                   (FA control OutflowResource) and 
                   (EA control InflowResource) and 
                   (EA \= FA) 
            $ 



























Figure 4-2: Structure of the Exchange Service Pattern- (Exchange of physical 
resource) 
4.1.1.2 Specification of the Exchange Service Pattern Structure  
  (Sale of a Service) 
 
Name:  Exchange_Service 
Description:  Sale of service is one way of “Exchange” service. The company 
provides some service which is valuable to another party in return of 
another valuable thing.  The fundamental difference between sale of 
a physical resource and a sale of service is the resources attached to 
the selling service.  
Parameters: FA: Focal Agent, EA: External Agent 
Pattern: Sale of service has give and take relationship with a service and 
resources respectively. The service which is exchanged always 
affects a resource of the external agent. The business service pattern 
structure for the Sale of service is shown in Figure 4-3. 
Constraints: 
- At least one service outflow and one resource inflow have to be 
defined for the exchange service. 
- At least one of the resource inflow of the exchanging service(s) 
belongs to the focal agent. This ensures that the focal agent really 
contributes something. 
- At least one resource outflow of the exchanging service (s) belongs 
to the external agent. This ensures that the service has value for the 
external agent.  
- Enhance, coordination and core-sub services are optional 
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 c2: $ exists Service/ServiceType InflowResource2/ResourceType 
      (this give Service) and  
      (this take InflowResource2) 
and 
      (exists OutflowResource/ResourceType  
      (Service use OutflowResource) and  
      (FA control OutflowResource)) 
and 
      (exists InflowResource1/ResourceType  
      (Service produce InflowResource1) and  
      (EA control InflowResource1)) 
and  
      (EA \= FA) 
    $ 
end 
 





















Figure 4-3: Structure of the Sale of Service Pattern 
4.1.1.3 Specification of the Outsourcing Service Pattern Structure 
Outsourcing is a practice used by companies to reduce costs by transferring portions 
of work to outside suppliers rather than completing it internally. According to 
Grossman “We live in an age of outsourcing. Some firms become virtual 
manufacturers, owning designs for many products but making almost nothing 
themselves” (Grossman, 2005).  Outsourcing has been practiced ages and it has many 
advantages as well as disadvantages. One major advantage is better control over 
internal cost (Prahalad and Krishna, 2008).  There are several advantages and 
disadvantages of outsourcing. Outsourcing allows to create a greater focus on core 
business and acquire expertise knowledge and experience. It improves the 
productivity.  Some of the disadvantages are less control over the outsourced service, 
security issue, and staff turnovers.  In this section, we demonstrate the outsourcing 
pattern structure.  
 
 




Name:   Exchange_Outsource 
Description: Outsourcing service pattern structure follows the exchange service 
concepts. The fundamental difference between sale of a service and 
outsourcing a service is the control over the resources attached to 
the sourcing service. The focal agent has to give something valuable 
to acquire a service from external party. The service which is 
outsourced always uses some resources which belong to the external 
agent and the outsourced service affect at least to one 
resource/service of the focal agent. 
Parameters: FA: Focal Agent, EA: External Agent 
Pattern: Outsourcing service pattern structure has give and take relationships 
between ServiceOutsourcing and the money and the service, 
respectively. The service which is outsourced has stock inflow and 
outflow relationships with resources. In particular, it uses resources 
(OutflowResource) and it produces another resource 
(InflowResource) - the meaning of “produce” can be actual 
production or adding value. The business service pattern structure 
for outsourcing  service is shown in Figure 4-4. 
Constraints: 
- At least one resource inflow and service outflow have to be defined 
for the exchange service 
- At least one of the resource outflow of the outsourced service (os) 
belongs to the focal agent. This ensures that the service has value 
for the focal agent.  
- At least one resource inflow of the outsourced service (s) belongs 
to the external agent. This ensures that the external agent really 
contributes something. 
- Enhance, coordination and core-sub services are optional  
The constraints are explained in English below. 
 
The constraints are represented as ConceptBase query class as given 
below. 





 c3: $ exists Service/ServiceType OutflowResource2/ResourceType 
      (this give OutflowResource2) and  
      (this take Service) 
and 
     (exists OutflowResource1/ResourceType  
     (Service use OutflowResource1) and  
     (EA control OutflowResource1)) 
and 
     (exists InflowResource/ResourceType  
     (Service produce InflowResource) and  
     (FA control InflowResource)) 
and  
     (EA \= FA) $ end 
Specification for Business Service Pattern Structures 
55 
 
Graphical Structure:  
 
The graphical structure is very similar to a sale of service. There are two differences. 
The resource inflow and outflow for the exchange service are defined in opposite 




















Figure 4-4: Structure of the Outsourcing Service Pattern 
4.1.2 Specification of the Conversion Service Pattern Structure 
According to REA, conversion corresponds to a group of decrement and increment 
economic events. As a result of conversion, a new product / service can be created or 
features of existing product / service can be changed. Several examples for conversion 
are producing, baking, cultivating, excavating and extracting.  We distinguish 
conversion as a service type. One reason to define the conversion as a service is view 
the business as a service business and constructs the service model. As a result of 
separating conversion as a service, it can be related to an interface.  Another 
advantage of modeling conversion as a separate service is the flexibility of 
outsourcing that particular service. In this section, we describe the specification for 
conversion service pattern structure. 
 
Name:   Conversion 
Description: The simple definition of “conversion” is transform input into output.  
The production process is good example for the conversion. 
Pattern:  The conversion service has at least one use or consume relationship 
with resources. The conversion service produces at least one 
resource/service. The produce means creating or adding value. The 
business service pattern structure for conversion service is shown in 
Figure 4-5. According to the BSRM notation, the conversion service 
is depicted with colored rounded rectangle. 
Constraint:  
- At least one resource inflow and two outflow has to be define 
for  the conversion service  
- Enhance, coordination and core-sub services are optional 
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The constraints are represented as ConceptBase query class as given 
below. 
 
Conversion in GenericQueryClass  isA ServiceType  with 
constraint 
c4: $ exists OutflowResource1, OutflowResource2, InflowResource/      
      ResourceType 
  (this consume OutflowResource1) and  
  (this use OutflowResource2) and 
  (this produce InflowResource) 
    $ 
end 
 

















Figure 4-5: Structure of the conversion service pattern 
4.1.3 Specification of the Sub-service Pattern Structure 
The next category of service is sub-service. Sub-services have to be introduced when 
a realization of a service involves multiple value activities and it makes sense 
(economically) to view these value activities as independent services that are shared 
by different contexts. Moreover, decomposing a service to sub-services helps to 
spread certain fixed costs over a larger number of activities. As we described in the 
service metamodel, there are two categories of sub-services namely core-sub service 
and coordination service. In this section, the specification is defined for the core-sub 
service. The coordination service is described in the next section.  
 
Name  : Sub-Service  
Description : Sub-services are coming into play when the core service 
has to be realized by multiple activities. For example 
produce is a core service and it has assemble, and 
inspection sub-activities. When decomposing the 
composite service, it is important to analyze the 
relationship between resources with the sub-activities and 
their constraints.  
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Pattern : Sub-services have a part-of relationship with the 
composite service. The business service pattern structure 
for sub-service is shown in Figure 4-6. 
Constraints :  
- At least two sub-services are to be defined. 
Note: Number of sub-services can be more than 2. As 
pattern structure is a variable pattern, the number of sub-
services can be increased. The pattern structure has a fixed 
part and a variable part; we consider the sub-services and 
its related resources as the variable part. 
- Inflow resources must be consumed by a sub-service, 
outflow resources must be produced by a sub-service. 
- Intermediate outflow resources have to be consumed by 
another sub-service.  
- Intermediate inflow resources have to be produced by 
another sub-service.  
 
The constraints are represented as ConceptBase query class as 
given below. 
 
CompositeService in GenericQueryClass  isA ServiceType  with 
constraint 
 c5: $ exists SubService1, SubService2 /ServiceType 
     (this partOf SubService1) and (this partOf SubService2)  
and 
     (exists OutflowResource, InflowResource/ResourceType 
     (SubService1 consume OutflowResource) and  
     (SubService2 produce InflowResource))  
and 
     (exists IntermediateResource/ResourceType 
     (SubService1 produce IntermediateResource) and  
     (SubService2 consume IntermediateResource)) 
and 
     (SubService1 \= SubService2) $ 
end 
 











Figure 4-6: Structure of the conversion service pattern 
Specification for Business Service Pattern Structures 
58 
 
4.1.4 Specification of the Coordination Service Pattern Structure 
The coordination service is a sub-service, which coordinates the dependencies of 
multiple sub-services. Further, it can be seen as enhance sub-service, because it adds 
value to the sub-services. The coordination service manipulates intentional resources.  
 
Name  : Coordinate 
Description : The coordination service is defined as an enhance sub-
service: if B coordinates A, then B enhances A (A is the 
goal of B) and B is used somewhere in the realization of A. 
It manipulates intentional resources. 
Pattern : The business service pattern for coordination service is 
shown in Figure 4.7. The coordination service has a 
coordinate relationship with the service which is 
coordinated. 
Constraints :  
- Coordination service coordinates at least one service. 
- Coordination service can have sub-services or enhance 
services. Those are optional, 
- Intentional resources are optional 
 
The constraints are represented as ConceptBase query class as 
given below. 
 
CoordinationService in GenericQueryClass  isA ServiceType  with 
constraint 
 c5: $   exists Service /ServiceType 
(this coordinate Service) 
          $ 
end 
 



















Figure 4-7: Structure of the coordination service pattern 
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4.1.5 Specification of the Enhance Service Pattern Structure 
Enhance service adds value to other service, by improving effectiveness or efficiency. 
It has a goal of another service. It cannot be exist interdependently. Enhance services 
are explained in the chapter 5.The pattern structure is same as the Coordination 
pattern structure.  
 
Name  : Enhance 
Description : A service that adds value to the any other service called 
its goal, are considered as enhance service. Assume that 
service A has a “goal” of service B. In terms of REA, 
enhance corresponds to a stock-outflow (“produce”) 
relationship between two services, for instance, a 
management service and an operational service. Enhance 
service manipulates intentional resources. 
Pattern : The business service pattern for the enhance service is 
shown in Figure 4-8. The enhance service has a enhance 
relationship with the service which is enhanced. It has use 
and produce relationship with intentional resources.  But 
this requirement is not mandatory. 
Constraints:  
- Enhance service enhances at least one service. 
 Enhance service can have sub-services. Those are optional 
- Intentional resources are optional 
 
The constraints are represented as ConceptBase query class as 
given below. 
 
EnhanceService in GenericQueryClass  isA ServiceType  with 
constraint 
 c5: $  exists Service /ServiceType 
            (this enhance Service) $ 
end 
 


















Figure 4-8: Structure of the Enhance service pattern 
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4.2 Operations on Pattern Structures  
Pattern structures are the skeletons of the patterns and models. Pattern structures 
provide abstract view of the service and its relationships with other 
resources/services. Patterns and pattern based models can be derived using structures 
defined in the previous section.  To use the pattern structures in constructive way for 
modeling, it is necessary to describe a formal approach for its operations. Based on 
the pattern expansion and pattern annotation definitions Bottoni et al. (2010), we 
define two operations for expansion and the annotation of the pattern structure.  
4.2.1 Expansion of Pattern Structures 
The pattern structures described in the previous section are variable patterns. As the 
pattern structure has a variable part, it can be expanded within the given constraints. 
According to Bottoni et al. (2010), we denote pattern expansion as EXP (VP) and it is 
called expansion set. The expansion is not limited to the pattern structures. It can be 
applied to the patterns as well.  Following the definition of pattern expansion given in 
Bottoni et al. (2010), we describe the pattern expansion. 
 
Definition:   
Given a variable part (VP),its expansion set EXP(VP) is given by all graphs 
    such that, there is a subjective function            from the set of all 
colimits [  ]of all possible diagrams α obtained by replicating graphs in P, 
and the morphisms in Emb, such that:  
- the diagram α is consistent with the morphisms in Emb, which means that if 
      is included in α, then there is a morphism            in Emb 
- the number of replicas in each path from root to    satisfies the equations 




To demonstrate the pattern structure expansion, we select the Sub-Service (sub-
service pattern structure) specification. Figure 4-9 (a) shows the sub-service (variable 
part) pattern structure with minimal number of sub-services. According to the Sub-
Service specification constraint, the variable part can be expanded. Figure 4-9 (b) 














Figure 4-9: Pattern structure expansion 
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4.2.2 Annotation of Pattern Structures 
The second operation is annotation. In order to derive a domain specific pattern from 
the pattern structure specification, we use the pattern annotation operation. The 
annotation mechanism is ground on the notion of triple graph (Guerra and de Lara, 
2007), (source and target, related through a correspondence graph).  The definition is 
given below. For pattern annotation, we need its structure (as given by a variable 
pattern), a vocabulary of pattern roles, and a mapping from the elements in the pattern 
structure to the vocabulary.  
 
Definition: Pattern annotation define as a triple graph 
 
A triple graph (Gs 
  
  Gc 
  
  Gt) has three graphs Gi (         ), and two 
functions cj :        . A node or edge x of Gs  is related to a node or edge 








The annotation operation is illustrated using a simple example of bike producing. 
Figure 4-10 shows the pattern annotation for bike producing as a triple graph. In this 
example we consider bike producing is accomplished by assembling and painting 
activities. First, frame and the wheels are assembled together and then the assembled 
bike is painted.  To model this example with BSRM, we select the Sub-Service 
specification as the source graph- Gs (the lower part of the Figure 4-10). As the bike 
producing has two sub services, there is no need to expand the basic structure. The 
vocabulary consists of bike produce, wheel, frame, assemble, paint, assembled bike 
and the bicycle.  The pattern vocabulary (the upper part of the Figure 4-10) represents 
the target graph- Gt. The matching between above two graphs is done by 
corresponding model- Gc (the middle part of the Figure 4-10). The morphisms from 
the nodes in Gc are shown as dotted lines .The result of the annotation is shown in the 
Figure 4-11. As the pattern structure is used as the source graph, the constraints relate 



































































Figure 4-11: BSRM model for the bike producing 
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4.3 Business Service Alignment with Porter’s Value Activities  
In this dissertation, it is not possible to present business service patterns which cover 
all the activities in a particular domain. Hence, we set the boundaries using Porter’s 
value chain activities (Porter, 1985) to demonstrate minimal set of business service 
patterns. Porter’s value chain analysis describes the activities of a business which fall 
into primary and support categories, within and around an organization (Figure 4-12). 
He evaluated which value each particular activity adds to the organizations products 
or services. The primary activities are directly concerned with the creation and 
delivery of a product or service. The primary activities are grouped into five main 
areas: inbound logistics, operations, outbound logistics, marketing and sales, and 
service. Each of the primary activities is linked to support activities which help to 
improve their effectiveness or efficiency. There are four main areas of support 
activities: procurement, technology development (including R&D), human resource 
management, and infrastructure (systems for planning, finance, quality, information 














Figure 4-12: Porter’s value chain model 
 
We align the business services with Porter’s value chain analysis. The Figure 4-13 
represents the alignment of business services with Porter’s value chain activities. 
According to Porter, primary activities are directly concerned with the creation or 
delivery of a product or service. These are core activities in a company. With regards 
to business service definitions,  the conversion services represent the production and 
the exchange services represent the sales of good or service in return of something 
valuable. The conversion and exchange services become core services in practice.  
Therefore, the representation of primary activities in Porter’s value chain and the 
representation of conversion and exchange services in business services are aligned 
together. Of course this alignment is not hundred percent. There are slight deviations 
in some points. For example marketing is a primary activity in Porter’s value chain, 
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Figure 4-13: Alignment of business services with Porter’s value chain activities 
 
Each of the primary activities is linked to support activities which help to improve 
their effectiveness or efficiency. Similarly, enhance services help add value to any 
other service/product by improving efficiency and effectiveness. These two concepts 
lie together. Hence we distinguish that most of the enhance services are supporting 
activities. The detail discussion of enhance services is available in chapter 5. Again 
there is a deviation with procurement. According to Porter, procurement is a 
supporting activity. But we categorize the procurement as an exchange service, which 
is a core service.  The role of coordination service is coordinating the primary 
activities and supporting activities. Therefore, the coordination services present in 
between both categories of the value activities.  
We can observe similar approaches in business process point of view which is 
align with Porters value chain activities. There are three types of business processes: 
Operational processes, processes that constitute the core business and create the 
primary value stream. Typical operational processes are purchasing, manufacturing, 
advertising and marketing, and sales. The second category is supporting processes, 
which support the core processes. Examples include accounting, recruitment, call 
center, technical support. The third category is management processes, the processes 
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"Corporate Governance" and "Strategic Management".  The operational process 
describes the primary activities and the supporting and management processes 
together describe the supporting activities of Porters value chain.  
In next section, we demonstrate one sample business service pattern for each 
primary and support activities of the value chain activities which are aligned with 
business services. Some more patterns which demonstrate the primary activities are 
available in Appendix B. The documentation of the business service patterns (BSP) 
has the following structure. 
 
Pattern Name:  Name of the pattern 
Description:  Describe the service which is to be demonstrated by the pattern. 
Problem: Describe the problem explaining the need of the pattern 
Assumption: Describe the assumptions which are taken when deriving the  
pattern. 
Pattern Structure : Describe the structure of the pattern 
Solution :  Describe the solution 
Reference:  List down the possible connection to other patterns. 
 
The documentation of the patterns includes the above attributes and a graphical 
picture. 
 
4.4 Generic Business Service Patterns for Primary Activities 
In this section we demonstrate one business service pattern for each category of 
primary activity. We select some examples from Hruby (2006), considering the 
suitability to demonstrate the service pattern.  According to Porter, there are five main 
areas of primary activities: inbound logistics, operations, outbound logistics, 
marketing and sales, and service.  Note that, we do not model marketing under 
primary activities. We consider the primary activities are directly concerned with the 
creation or delivery of a product or service.   Human resource is involving in many 
primary and support activities.  At this stage we model the primary activities without 
human service provisioning for the simplicity. It is discussed under the support 
activities and in chapter 5 also. To derive business service patterns, we use the 
specifications of pattern structures together with operations of patterns structure 
which were introduced in the previous sections. All the patterns represent the type 
level. 
4.4.1 Operational Activities 
All the activities which require to transform inputs into outputs are considered as 
operational activities of a company. We selected the following example (cf. Hruby, 
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Creating a new product or service is the core activity of many businesses. The 
production process converts input into a new form of output.  
 
Problem: 
How do we make a business service model for creating a new product?  
 
Assumption: 
We assume that the produce is an atomic activity. The production activity uses only 
the minimal resources.  
 
Pattern Structure 
The service model for creating a new product is based on Conversion specification 
(conversion service pattern structure- cf., 4.2.2).  All the constraints of conversion 
pattern structure are to be satisfied when deriving the pattern for creating a new 
product. As the produce is considered as an atomic activity and it uses only the 
minimal resources in this example, the pattern structure annotation is sufficient to 
derive the pattern.  
 
Solution: 
Business service pattern for creating a new product is depicted in Figure 4-14. 
Produce is a conversion service. It consumes Part and it uses Tool.  The stock outflow 
of the Produce service is FinishedProduct. The relationship between Produce service 
and the FinishedProduct is also produce. The waste produced by the production is not 
modeled here (refer BSP-Waste pattern). Business service model for producing of a 
new product is given below. Based on the assumptions, this pattern does not cover 
any intermediated stages (work-in process).  All the intermediate stages are combined 
into a single conversion process. 
 
 




- BSP-Produce pattern can be connected with BSP-Sale pattern using the merge 
operator. The FinishedProduct is the input resource of BSP-Cash_Sale.   
- BSP-Produce pattern can be connected with BSP- Produce_Intermediate_Stages, 
to illustrate intermediate stages of the production. The part is the input resource 
and the FinishedProduct is the output of BSP- Produce_Intermediate_Stage. 
- BSP-Produce pattern can be connected with BSP-Waste pattern to illustrate the 
waste management. The Waste is not modelled in this pattern. As the waste is an 
output resource of Produce service, it is possible to connect BSP-Produce with 
BSP-Waste pattern through Waste.  
4.4.2 Inbound Logistics 
We demonstrate another sample pattern for the inbound logistics category. According 
to Porter, inbound logistics involve relationships with suppliers and includes all the 
activities required to receive, store, and disseminate inputs.  
 






There are different stages of inventory management in manufacturing company. Here 
we consider the inventory management of raw material.  Inventory management of 
raw materials is a vital part of a company.  
 
Problem: 
How do we make a business service model for storing of raw materials?  
 
Assumptions: 




The BSP for inventory management for raw material is based on Conversion 
specification.  All the constraints of conversion pattern structure are to be satisfied 
when deriving the pattern for storing of raw material. Based on the assumptions, we 
derive the pattern, by annotating the Conversion structure.  
 
Solution: 
InventoryRawMaterial is a conversion service which uses warehouse space and 
consumes the raw material. The InventoryRawMaterial adds value (produce 
realtionship) to the Raw material. Based on the design choice discussed in chapter 3, 
we depict only one container for the raw material. There are possible supporting 
services when keeping a inventory. For example controlling climatic data and 
providing security. We distinguish these activities as enhance services and discussed 
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in chapter 5. On the other hand, the inventory management includes several activities 
such as receiving and issuing of raw material. These sub-activities are not modeled in 
this stage (It is available in Appendix B). Figure 4-15 shows the graphical picture for 












Figure 4-15: Business service pattern - Inventory of raw material 
 
Reference: 
- BSP- Inventory_Raw_Material pattern can be connected with BSP-Produce 
pattern using merge operator. 
- BSP-Inventory_Raw_Material pattern can be connected with BSP-
Produce_Intermediate_Stages  
- BSP-Inventory_Raw_Material pattern can be connected with BSP-
Cash_Purchase pattern.  
 
4.4.3 Outbound Logistics 
We demonstrate sample pattern for the outbound logistics category. According to 
Porter, outbound logistics include all the activities required to collect, store, and 
distribute the output.  
 






Storing finished product in finished product store is another vital part in a production 
process in a company.  
 
Problem: 
How do we make a business service model for storing finished product in store? 
 
Assumption: 
We assume that the storing of raw finished product as an atomic activity. It uses only 
the minimal resources. 
 
 





The BSP for storing of finished product basically based on Conversion specification.   
All the constraints of conversion pattern structure are to be satisfied when deriving the 
pattern for inventory management for the finished product. Based on the assumptions, 
we derive the pattern, by annotating the Conversion structure.  
 
Solution: 
InventoryFinishedProduct is a conversion service which uses Warehouse Space and 
consumes the Finished Product. The InventoryFinishedProduct adds value (produce 
relationship) to the FinishedProduct. There are possible supporting services when 
keeping an inventory. For example controlling climatic data and providing security. 
We distinguish these activities as enhance services and discussed in chapter 5. On the 
other hand, the inventory management includes several activities such as receiving 
and issuing of raw material. These sub-activities are not modeled in this stage. Figure 
4-16 shows graphical picture for the inventory of finished product.  
 
Reference: 
- BSP- Inventory_Finished_Product pattern can be connected with BSP-Produce 
pattern using merge operator. 
- BSP- Inventory_Finished_Product pattern can be connected with BSP-
Produce_Intermediate_Stages  











Figure 4-16: Business service pattern - Inventory of Finish product 
4.4.4 Sales 
This is the forth category of the primary activities. We demonstrate a sample pattern 
for sales in this section. Sale is a basic income generating activity of a business. We 
use the example of Cash sales in Hruby (2006). 
 






Sales process is the main exchange activity which generates revenue to the company. 
Cash sale is the simplest form of the sales.     




How do we make a business service model for cash sale of a product? 
 
Assumptions: 
We assume that the customer pays cash at the same time of buying the product. 
 
Pattern Structure 
Cash sale follow the Exchange_Resource specification (exchange pattern structure). 
More commonly an external party involves in the sales. Hence, the pattern should be 
derived using the constraints of external exchange (goods). As we use the simplest 
form of sale -cash sale, annotation of Exchange_Resource - external exchange 
(goods) is sufficient to derive the pattern.  
 
Solution: 
Cash sale of a Product is an exchange service.  It exchanges Product and Money. In 
other words, CashSaleExchange gives Product and takes Money in return.  Figure 4-






Figure 4-17: Business service pattern - Cash Sale  
 
Reference: 
- BSP- Cash_Sale pattern can be connected with BSP-Product_Delivery pattern.  
- BSP-Cash_Sale pattern can be connected with BSP- Inventory_Finished_Product 
pattern.  
4.4.5 Services (After sales services)  
This includes all the activities required to keep the product or service working 
effectively for the buyer after it is sold and delivered. We select product repairing 
activity to demonstrate the after sales service.  
 






Repairing is one of the activities of after sales service provided by the company to its 
customers. The reaping takes place according to the terms and conditions of the sales 
contract.    
 




How do we make a business service model for repairing a sold product? 
 
Assumptions: 
We assume that repairing as an atomic activity and it uses minimal recourses.  
 
Pattern Structure 
Product Repairing follows the Conversion specification. According to assumptions, 
the intermediate steps are not modeled in this case. To derive the pattern, annotation 
of Conversion structure is sufficient. 
 
Solution: 
ProductRepair is a conversion service.  It converts sold product which requires a 
repairing, into a repaired product. The relationship depicted as produce between 
ProductRepair and Product. The ProductRepair service consumes the sold Product 
and Part, and  uses Tool to repair the product. Figure: 4.18 shows graphical picture 
for the product repair.  
 
Reference: 
- BSP-Product_Repair pattern can be connected with BSP- 
Inventory_Raw_Material pattern.  
-  BSP-Product_Repair pattern can be connected with BSP-Product_Delivery 
pattern.  











Figure 4-18: Business service pattern - Product repair 
4.4.6 Procurement 
As we described in section 4.4, the procurement is distinguished as a core activity of a 
company. Hence, we model it under the primary activities.  The procurement refers to 
all kind of input purchasing including raw materials. We select purchasing of raw 
material to demonstrate the procurement with its simplest form i.e. cash purchase. 
 
 
Generic Business Service Patterns for Primary Activities 
72 
 






Raw material is the basic input of the production process. It can be purchased in 
purchasing department or any other department which involves in the production 
process. Purchasing is an exchange activity. Cash purchase is the simplest form of the 
purchasing.     
 
Problem: 
How do we develop a business service model for cash purchasing? 
 
Assumptions: 
We assume that focal agent pays cash the same time of purchasing the raw material. 
The next assumption, we consider purchasing as an atomic activity and it uses 
minimal recourses.  
 
Pattern Structure 
Purchasing raw material follows the Exchange_Resource (exchange pattern structure 
for resource) specification. To derive the pattern, annotation of Exchange_Resource 
specification is sufficient. 
 
Solution: 
Cash Purchase of raw material is an exchange service.  It exchanges Money and Raw 
Material. In other words, CashPurchaseExchange gives Money and takes Raw 




- BSP-Cash_Purchase pattern can be connected with BSP-
Inventory_Raw_Material pattern.  






Figure 4-19: Business service pattern – Cash purchase 
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4.5 Generic Business Service Patterns for Support Activities 
Porter defined four main areas of support activities: procurement, technology 
development (including R&D), human resource management, and firm infrastructure 
(systems for planning, finance, quality, information management etc.). As we 
described in the section 4.4, most of the support activities are aligned with enhance 
services except procurement. Porter’s value chain analysis, gives general 
classification of firm’s value activities. It doesn’t provide specific examples for 
activities of each category. Therefore, in this section we demonstrate high level 
business service patterns for each category of supporting activity. However the 
detailed analysis of enhance services is discussed in chapter 5. In addition to the 
support activities mentioned above, we consider the marketing as support activity as it 
adds value to the product or service. In this section we demonstrate one business 
service pattern for each of the following activities. 1. Human resource management, 
2. Technology development (including R&D), 3. Firm infrastructure, 4. Marketing. 
We follow the same format of pattern documentation used in primary activities. 
4.5.1 Human Resource Management 
According to Porter, the human resource management is a support activity. It covers 
all activities involved in recruiting, hiring, training, developing, compensating and (if 
necessary) dismissing or laying off personnel. Human resources element involves in 
many primary and support activities of the company. Human resource service 
provisioning is vital input or output of company’s value creation process. Hence it is 
essential to pay attention to model human resource as it is a special kind of resource. 
The detailed investigation of human resource service provisioning is available in 
chapter 5. In this section we demonstrate generic pattern for the human resource 
provisioning.  
 






The HR factor is available in a company by an exchange process. (according to Hruby 
(2006): labor acquisition event in REA). The company has to pay salary to get the 
service of employees.  An employee is an external agent who has a contract with the 
organization, and provides a "service provisioning" that could be further qualified 
with a job description, e.g., mechanic service provisioning. Employee service 
enhances the product or service in the company. 
 
Problem: 








We model employee service without qualifying the job description. (more specific 
patterns are described in chapter 5.) 
 
Pattern Structure 
Employee service provisioning follows the combination of Enhance pattern structure, 
Exchange_Service (exchange pattern structure for service) and Conversion 
specifications. The Enhance specification is used to model how employee service 
provisioning enhances the production. The Exchange_Service specification is used to 
model the acquisition of employee service. And the third specification (Conversion) is 
used to model the affected service (produce) by the employee service provisioning. 
 
Solution: 
Employee service exchange is an exchange service which gives money to take 
Employee Service Provisioning.  The Employee service provisioning enhances the 
Produce service. It uses the Tacit Knowledge of employee and produces Experience 
as a result of engaging the production. The production activity follows the same 
details of BSP-Produce pattern. Figure 4-20 shows graphical picture for the Employee 
























Figure 4-20: Business service pattern- Employee resource provisioning 
 
References:  
-  BSP- Employee_Service_Provisioning pattern can be connected with any of 
services. (exchange, conversion , core- sub, coordination or enhance) . The job 
description of the employee can be qualified according to the situation.  
4.5.2 Technology Development 
Following Porter, the technology   development affects every value activity to 
increase the efficiency and effectiveness. Technology development takes place in 
many forms. For example:  office automation, research and development activities 
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and communication technology.  To demonstrate the business service model, we 
select new product design which is an R & D activity, affect to the production 
process. As the new product design improves the existing product features, we 
distinguish new product design enhances the produce service. 
 






New product design is an R & D activity in a manufacturing company. As new 
product design improves the existing product features, produce activity is enhanced 
by the new product design.  The aim of most of R & D activities is improve the core 
activities of the company. 
 
Problem: 
How do we derive a business service model for new product design? 
 
Assumption: 
We consider the new product design is an atomic activity 
 
Pattern Structure 
New product design service follows the Enhance pattern structure and enhances the 
Produce service. The Produce service follows the Conversion specification. 
 
Solution: 
New product design service is an enhance service which use DrawingTool and 
produce the NewDesign.  The New product design service enhances the Produce 
service. The production acidity follows the same details of BSP-Produce pattern. 
















Figure 4-21: Business service pattern – Product design 





-  BSP- New_Product _Design pattern can be connected with BSP- 
Employee_Service_Provisioning.  
4.5.3 Firm Infrastructure 
Firm Infrastructure consists of various activities including planning, legal 
management, finance, quality management, information management etc. Firm 
infrastructure supports the entire value chain in the firm. The goal of the firm 
Infrastructure is to increase the efficiency and effectiveness of the primary activities 
of a firm. As we identified support activities as enhance services, the firm 
infrastructure is also modeled as enhance service.  On the other hand all the firm 
infrastructure activities represent the management practices. Hence, we further qualify 
the firm infrastructure as a management service. Three kinds of sub-services are 
identified for the management services namely monitoring, evaluating and 
enforcement.  (detailed discussion of the management services is available in chapter 
5). In this example, we demonstrate one activity which relates with quality 
management of a product. The quality management of the business as a whole or how 
it is implemented is not the goal of the following pattern. But the pattern is used to 
indicate how the quality management as a single activity, can be modeled as a service. 
Further, the BSP of product quality management shows how support service activity 
affects to a core service. It is possible to decompose the product quality management 
service into sub-services like inspection, recovery management etc. 
 






For any kind of business, quality management is a vital activity to be in competitive 
edge. Quality management includes four main activities, planning, controlling, 
assuring and improving. Quality management adds value to the product by increasing 
its quality, reducing the waste and rework 
 
Problem: 




We assume product quality management as a single composite activity. 
 
Pattern Structure 
Product Quality Management service follows the Enhance pattern structure 
specifications.  The service which is affected by the quality management follows the 
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BSP-Produce pattern which is based on Conversion specification. As there are no sub- 
services, the pattern structure annotation is adequate to derive the new pattern.  
 
Solution: 
Product Quality management is an enhance service which enhances the Produce 
service. Product Quality management uses intentional resource for example, Quality 
measurement parameters - QulaityParameters and it is possible to produce another 




- The BSP- Product_Quality_Mgt. pattern can be connected with any of services 




















Figure 4-22: Business service pattern – Product quality management 
4.5.4 Marketing  
As we mentioned in section 4.4, Porter defines marketing under primary activity. But 
our view on marketing deviates from this definition. As marketing improves the sales 
process by persuading customers, we distinguish marketing as a supporting activity. 
According to the American Marketing Association (AMA, 2012) board of directors, 
marketing is the activity, set of institutions, and processes for creating, 
communicating, delivering, and exchanging offerings that have value for customers, 
clients, partners, and society at large. Among several activities of marketing, 
advertising and sales promotion are two examples.  Advertising mainly focus on 
publicity of the product or service, where as the sales promotion consists of a diverse 
collection of incentive tools such as coupons, prizes, cash refund, warranties, 
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demonstrations, buying allowances, free goods and bonuses. According to the 
definition of AMA (2012) sales promotions are media & non media marketing 
pressure applied for a predetermined, limited period of time in order to stimulate trial 
& impulse purchases, increase consumer demand or improve product quality. The 
sales promotion can be implemented in several ways. In this example, we demonstrate 
one activity – Warranty as a sales promotion activity to represent the marketing 
management. The intention of the pattern is not to model the whole marketing 
management process or the sales promotion strategies of the business. But the pattern 
demonstrates how a single marketing management activity is modeled as a service. 
The warranty service enhances the core service of a business. The BSP for the 
warranty service of a product is described below. The BSP for advertising is 
discussed in chapter 5. 
 























The warranty is assurance from one party to another party. The warranty of a product 
is a legal assurance for the product which provides by a seller or the manufacturer to 
the customer. The customer who buys the product has a guaranty to the product for a 
specified time under certain conditions which are described in the warranty contract. 
Hence, it stimulates the purchasing power of customer. 
 
Assumption: 
We assume the product warranty as a single activity. 
 
Problem: 
How do we make a business service model for product warranty? 





The product warranty follows the Enhance pattern structure specification. The 
affected resource is the product.  
 
Solution: 
The Product warranty is an enhance service which enhances the Product. The 
Product warranty service uses Warranty Contract which is defined by the company 
and produces Assurance.  The Warranty Contract and the Assurance are intentional 
resources. Figure 4-23 shows the graphical picture for BSP-Product_Warranty. 
4.6 Business Service Patterns for Service Industry 
Porter’s notion of the value chain is useful for analyzing manufacturing industries. 
The similar approach, perhaps as a generalization of Porter’s,  does not facilitate the 
analysis and categorization of the wide variety of service industries (Nooteboom, 
2007). The review of generic Porter’s value chain done by Gabriel (Gabriel, 2006), 
shows several differences in manufacturing and service industries as listed next few 
lines. In the service industry, the real operation, inbound or outbound logistics are not 
visible in the same way in manufacturing industry. In the manufacturing industry, the 
operations can take place in isolation of the customer. In the service industry, 
production and usage of the service occur simultaneously. The infrastructure required 
in the service industry might also be different from that of the service industry. The 
supporting activities might be similar in most cases, yet the way of implementing 
managing the supporting activities might be different. Stabell and Fjeldstad (1998) 
also state that the Porter’s value-chain model does not sufficiently capture the value 
creation logic of service industries. They suggest that more than one model is needed 
to understand the workings of the different types of business and propose three 
distinct value configurations namely value chain, value shops and value chain.  
Therefore, we propose a generic business service pattern and several specialisations to 
specific sectors for service industry. 
Figure 4-24 shows an enterprise level generic BSP for a service business. Selling 
of a Service is the main activity of generating income. It is modelled as 
SaleOfServiceExchange which gives a service (we call it tradable service hereafter) in 
return of money. The service may have sub-services and those are not modelled in the 
figure. The tradable service always affect to some resource / service of the customer’s 
side. It is depicted as PhysicalResource1 in the diagram. There are several ways to 
generate the tradable service. The service can be outsourced or generated within the 
company or both. Example for outsourcing is a vehicle renting company who hires 
vehicles from third party and rent them to customers. Outsourcing is depicted in the 
figure OutsourcingServiceProcureExchange which takes the OutsourcedService and 
gives money in return. Example for the service generated within the company is hair 
cutting service. The haircutting service uses / consumes physical resource like scissor 
/ shampoo and gets the service of hair cutter. The hair cutter’s service is an enhance 
service which is a paid service. It is possible to have coordination services in both 
cases. We demonstrate business service models for several categories of service 
industry in next sections. We follow some of the categorization details service 
Business Service Patterns for Service Industry 
80 
 
industry provided by (Nooteboom, 2007). As the service patterns represent enterprise 


































Figure 4-24: Generic business service pattern for service industry 
4.6.1 Utility services 
Utilities entail the supply of gas, water, electricity, telephone service, internet access 
and cable TV (Nooteboom, 2007). In this case, we consider only the distribution of 
utility service.   The distribution of utility service includes flow of materials using 






There are different types of utility services. Electricity and gas are good examples. 
The distribution of the utility service requires a medium to distribute (e.g., cables), 




How do we make an enterprise service model for a utility service? 
  
Pattern Structure 
Utility service follows the Exchange_Service (exchange of service) and 
Exchange_Resource specifications. The first specification is used to model the sale of 
utility service and the second one is used to model the purchasing of utility resource 
to the distributing company.  The distribution follows the Conversion specification. 
The Enhance specification is used to model the technical staff service provisioning.  
 




The Figure 4-25 shows the enterprise service model for distribution of a utility 
service. Sale is the main activity which generates money to the company by 
distributing the utility resource. The model follows Exchange_Service specification to 
build the Sale service. Following Conversion specification, the 
UtilityServiceDistribute consumes the UtilityResource which is outsourced and adds 
value to the UtilityResource (produce relationship). The distribution of the utility 
service may need technical staff and technical equipment. Therefore, the model has 
enhance relationship with TechnicalStaffServiceProvisioning and use relationship 
with equipment. The technical staffs have to be acquired to company by an exchange 
service. Hence, the model has TechnicalStaffServiceExchange service to represent the 























Figure 4-25: Business service pattern – Utility service 
4.6.2 Transportation Service 
The movement of people or objects from one location to another is the objective of 
the transport service.  It may have soft goals such as comfort of travel, safety travel, 
reliability of travel schedules and speediness etc. The transport service may have 






The passenger transport is a service which changes the location of the passenger. 
There are several number of transport mediums. For example plane, ship, bus or car. 
The realization of the service in each of the example is different.  
 
Problem: 
How do we make an enterprise service model for the passenger transport service? 
  
Pattern Structure 
Transport service follows the Exchange_Service (exchange of service) to model the 
sale of transport service. As the transport itself a conversion service, we follow the 
Conversion specification. The Enhance specification is used to model the transporting 
staff service provisioning. The Exchange_Resource specification is used to model the 
purchasing of vehicle.  




The Figure 4-26 shows the passenger transport service.  The transport service is 
provided by the company to the passenger in return of money. We follow the 
Exchange_Service to model the TransportExchange. The Transport service adds 
value to the Passenger by changing his location. Hence, the Passenger is affected by 
the Transport service. As the passenger is a passive role, we model him as a physical 
resource.  The Transport itself uses the vehicle and the driver’s services. The money 
has to be spent to buy vehicles and acquire driver’s service. These two concepts are 
























Figure 4-26: Business service pattern – Transport service 
4.6.3 Personal care services 
The personal services include health and other care (hairdressing, cosmetics, etc.), 
recreation, professional knowledge services (e.g., consultants, accountants, etc.) and 
education. These all affect either the body or the mind of people, or both, and yield 
utilities of physical or mental wellbeing or capacity (Nooteboom, 2007). We 






The healthcare is one category of personal care. There are different types of 
healthcare. We demonstrate generic enterprise service pattern for the healthcare. The 
patient is treated by the healthcare service using medical equipments and medical 
drugs. Different levels of medical staff engage in the healthcare service such as 
physician, nurse, chemist and physiotherapist etc. 
 
 




How do we make an enterprise service model for the healthcare service? 
  
Pattern Structure 
The healthcare service follows the Exchange_Service (exchange of service) to model 
the sale of healthcare service. As the healthcare itself a conversion service, we follow 
the Conversion specification. The Enhance specification is used to model the medical 
staff service provisioning. The Exchange_Resource specification is used to model the 
purchasing of drugs and equipment. .  
 
Solution: 
The Figure 4-27 shows the BSP for the healthcare service provider. The Healthcare 
service is the main service provided by the healthcare provider in return of money. 
The Healthcare service adds value to the Patient. Hence, the patient is affected by the 
Healthcare service and he is a passive role. As the Patient is a passive role, we model 
him as a physical resource. The Healthcare service is enhanced by the 
MedicalStaffServiceProvisioning. The medical staffs exist in the company by 
acquiring. It is depicted in the model as MedicalStaffServiceExchange.   The 
Healthcare service uses MedicalInstruments and consumes Drugs. The possible sub-
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4.6.4 Insurance services 
Insurance is a service which deals with risk management. The insurance companies 
are selling the insurance and charge certain amount of money for their service. The 
person or object can be insured with an agreed policy.  There are several categories of 
insurance for instance life insurance, healthcare insurance, insurance for fire and 
natural disaster and vehicle insurance etc. The amount to be charged for a certain 
value of the insurance coverage is called the premium.  In this section we model 






The health insurance is a common insurance which covers the healthcare activities of 
the insured person. There are different types of healthcare insurance. We demonstrate 
generic enterprise service pattern for a basic healthcare insurance. The client is 
insured by the insurance service. The insurance company gets a premium for the 
service.   The insurance company has to pay for the agreed healthcare activities of the 
client. The staffs of the insurance company help to provide the service. 
 
Problem: 
How do we make an enterprise service model for the health insurance service? 
 
Pattern Structure 
The healthcare service follows the Exchange_Service (exchange of service) to model 
the sale of insurance service. As the health insurance itself a conversion service, we 
follow the Conversion specification. The Enhance specification is used to model the 
insurance staff service provisioning. The Exchange_Resource specification is used to 
model the purchasing of drugs and equipment. The insurance company pays money to 
the healthcare services of client. We model it using Exchange_Service specification. 
 
Solution: 
Figure 4-28 shows the business service pattern for the healthcare insurance service. 
The Insure is the service provided by the InsuranceServiceExchange service and the 
company gets a certain amount of Money which is called the premium (follow the 
Exchange_Service specification). The Insure service uses Documents as a physical 
resource. The service of the insurance staff adds value to the Insure service. The staff 
has to be acquired to the company with a fee. The InsuranceStaffServiceExchange 
shows the acquiring of the staff. The Insure service has a sub-service called 
HealthcareServiceExchange. The HealthcareServiceExchange service takes Money 
and gives it to a service which is in client’s side. Here it is the Healthcare service 
which adds value to client. As the Insure service adds value to the client by providing 
health insurance. There is a produce relationship between the Insure service and the 
Client.  
 




























 Figure 4-28: Business service pattern – Insurance service. 
4.7 Pattern Composition with Business Service Pattern Operators  
The enterprise model is a composition of BSPs that always starts from a generic 
enterprise model (for trading company, for manufacturing etc). Some of the generic 
enterprise models are described in Appendix C. In this section we define business 
service pattern operators (BSPOs).  The purpose of using BSPOs is combining two or 
more BSPs together. The pattern combining approach using BSPOs offers several 
opportunities. Primarily, it allows to create new patterns using existing ones. Then, it 
provides an opportunity to compose the enterprise business service model using 
BSPs. Each time when the BSPOs are used, the enterprise model is expanded.  
We provide an operator called Merge, to combine one or more business service 
patterns. The term “pattern” is used for both the basic patterns given in the library and 
the compositions of patterns. Again, we follow the pattern composition mechanism in 
Botton, et al. (2010). According to the formal approach of pattern composition in 
Bottoni et al. (2010), it is required to define the models as graphs. As all the pattern 
structures are based on the definition of variable pattern (c.f. 4.1), the pattern 
structures and the patterns can be viewed as graphs. Each pattern / graphical 
structures of pattern specifications can be expressed with nodes and edges. The 
graphical view of the patterns in ConceptBase, shows the graph structure of the 
pattern. Hence, we can apply the mechanism used in Bottoni et al. (2010), for the 
pattern composition. The formal description of Merge operator is given below 
4.7.1  Merge Operator  
Description:  
The merge operator enables to combine two patterns and compose a new 
pattern. We follow the definition b-4 in Bottoni et al. (2010) in which the 
composition is described using the technique called “pushout” by gluing the 
two objects along a common object or group of objects.  
 




Parameters :  
BSP1, BSP2: business service pattern 1 and 2 respectively;  
K: common object to BSP1 and BSP2; 
m1,m2 : Morphisms m1, m2 to BSP1 and BSP2:  
               BSP1  
  
    
  
    BSP2 respectively.   
 
Constraints:  
1. Take the union of the constraints related to the common object 
(Constraints of K in BSP1) ∪ (Constraints of K in BSP2) 
2. All the other constraints remain unchanged. 
 
Usage :  
1. Using Merge Operator  in Pattern Composition 
2. Using Merge Operator in Pattern Decomposition 
 
Candidates for common object: 
The possible candidates for the common object can be a physical resource, 
an intentional resource, a conversion / exchange service, a coordination 
service or an enhance service. It is possible to have a set of common object. 
4.7.1.1 Using Merge Operator in Pattern Composition 
The simplest way of using Merge operator is used in direct pattern composition. A 
new pattern or model can be composed by merging two or more patterns. In this case, 
the merge is used when directly gluing the two or more patterns along a common 
object or group of objects. The following example (Figure 4-29) illustrates the merge 
operation. We demonstrate the composition of delivery pattern (BSP_Delivery) and 
delivery outsourcing pattern.  Assume that the company needs to outsource the 
delivery service when self delivery is not possible due to lack of resources. This 
situation creates a need to incorporate delivery outsourcing pattern to the existing 
model. We use the Merge operator to combine these two. 
Pattern (a) in Figure 4-29 represents the product delivery service. Delivery is a 
conversion service used in the Sale service. Delivery service uses Truck and ForkLift 
(which are physical resources), and it adds value to the Product by changing its 
location.  
Pattern (b) in Figure 4-29 shows the delivery outsourcing. It is an exchange service 
(DeliveryOutsourcingExchange), which takes the Delivery service and gives Money. 
Delivery service in the outsourcing pattern uses Truck. Merging product delivery with 
delivery outsourcing is done through the common group of objects “Delivery” plus 
“Truck”. Note that the relationship of Delivery and Truck is also same in pattern (a) 
and (b). Figure 4-29(c) shows the merged pattern for product delivery outsourcing. 
As we merged two patterns, it is required to re-build the constraints of the new 
model as a union of constraints which relate to the common object/ group of objects 
(in this example Delivery service and the Truck). We use ConceptBase query classes 
to define constraints in pattern structure specification. As the ConceptBase query 
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classes do not support for merging, the implementation is not complete. One of the 
possible solutions is using ConceptBase Active rules to merge two patterns. This part 
of implementation is in future agenda.  However, we explain the merging constraints 
in English as follows. 
 
Constraint of common group of objects in product delivery pattern Figure 4-29.   
((DeliveryService  use OutflowResource) and 
(DeliveryService  produce InflowResource) and 
(InflowResource ≠ OutflowResource)) Statement (1) 
Outflow resource = Truck, Fork Lift 
Inflow resource = Product  
 
Constraint of common group of objects in delivery outsourcing pattern (cf. 
Exchange_Outsource specification): 
((OutflowResource control ExternalAgent) and  
(InflowResource control FocalAgent) and   
(InflowResource ≠ OutflowResource))  Statement (2) 
Outflow resource = Truck,    
Inflow resource = Product  
 
These constraints are not inconsistent. The union can be written as:   
{((DeliveryService  use Truck) and(Truck control ExternalAgent)) and 
((DeliveryService produce Product) and (Product control FocalAgent))} 
Statement (3) 
 
The statements (1, 2 and 3) are explained below with details. 
 
Statement (1): 
The Delivery service uses at least one Outflow resources (Truck and Folk Lift) and 
produces at least one Inflow resource (Product).  
 
Statement (2): 
According to the Outsource specification, at least one resource outflow is controlled 
by an external agent and resource at least one inflow resource is controlled by Focal 
Agent. With regards to outsourced Delivery service, the statement can be expressed as 
follows. The Truck is owned by the external agent and the Product is owned by the 
focal agent.  
 
Statement (3): 
With regards to merged pattern (Product delivery outsourcing service), the statement 
can be expressed as follows. 
 
“The Delivery service uses Truck and the Truck is owned by the external agent and 
also the Delivery service produces Product and the Product is owned by the focal 
agent.” 
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Therefore, once a service is outsourced, the outsourced service affects at least one 
resource of the focal agent. At the same time the outsourced service always uses at 
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Figure 4-29: Merge operator in pattern composition 
4.7.1.2 Using Merge Operator in Pattern Decomposition 
 The Merge operator is used not only in pattern composition but also in 
decomposition.  Simple meaning of merge is joining together.  Decomposition means 
braking down into several pieces. Even the meaning of merge and decomposition 
gives opposite directions, the merge operator is used in the pattern decomposition. In 
this section, we explain the pattern decomposition using Merge operator.  
Decomposition is necessary when a service has to be realized by multiple 
activities. The objective of decomposition is visualizing the underlying services of a 
composite service. The process of decomposition is described with three steps as 
follows. In the first two steps, we use pattern operations (expansion and annotation) 
which were described in section 4.3. The merge operator is used in the third step.  
 
Step 1: Pattern structure expansion (if there are more than 2 sub-services) 
First step deals with Sub-Service pattern structure only. Based on the number 
of sub-services, the pattern structure has to be expanded.  
 
Step 2: Derive the domain specific model 
The second step is deriving the domain specific model using pattern structure 
annotation. Pattern annotation is used the domain specific pattern using 
Pattern Composition with Business Service Pattern Operators 
89 
 
specialize vocabulary in a specific domain. The structure derived in the 
previous step is used as the source graph.. 
 
Step 3: Merge the composite service pattern with sub-service pattern  
The third step is merging the domain specific sub-service pattern with the 
composite service pattern using Merge operator.  
 
We use an example of bike producing to demonstrate the Merge operator in 
decomposition.  Assume that bike producing has assembling, painting and inspecting 
sub-activities. According to the first step, the sub-service pattern structure has to be 
expanded as the number of sub-services is more than 2.  Then we move to the step 2. 
By adopting a vocabulary pattern which consists of the names of specific domain-bike 
producing, we derive domain specific sub-service pattern for the bike producing 
(Figure 4-30(b)). BikeProduce has three sub-services namely, Assemble, Paint and 
Inspect. These sub-services are connected to the BikeProduce service with part of 
relationship. Following the constraints of Sub-Service specification, BikeProduce and 
the sub-service- Assemble use Frame and Wheel as inputs. The final output which is 
FinishedBike is produced by the Inspect sub-service. It has the same relationship with 
the composite service as well.  The intermediate resources are produced and 
consumed by the sub-services as depicted in the Figure 4-30(b).  
In third step, we are merging composite service pattern which is in Figure 4-30(a) 
with the sub-service pattern of bike producing (Figure 4-30(b)). BikeProduce service, 
Frame, Wheel and the Bike are the common group of object for both. The Figure 4-
30(c) shows the decomposed service pattern for bike producing.  
As we merged two patterns, it is required to re-build the constraints of the new 
model as a union of constraints which relate to the common group of objects 
 
Constraint of common group of objects in product delivery pattern Figure 4-29.   
((BikeProduce service consume OutflowResource) and 
(BikeProduce service produce InflowResource) and 
(InflowResource ≠ OutflowResource)) Statement (1) 
Outflow resources = Frame, wheel 
Inflow resource = Bike  
 
Constraints for sub-service pattern:  
 At least two sub-services are to be defined. 
((BikeProduce service part-of Assemble service) and 
(BikeProduce service part-of Paint service) and 
(BikeProduce service part-of Inspect service)) Statement (2) 
 
 Inflow resources of the composite service  must be consumed by a sub-
service, outflow resources of the composite service  must be produced by a 
sub-service 
 ((Assemble service consume OutflowResource) and 
(Inspect service produce InflowResource)) Statement (3) 
Outflow resources = Frame, wheel 
Inflow resource = Bike  




The union of above three constraints can be written as:   
 [(BikeProduce service part-of Assemble service) and 
(BikeProduce service part-of Paint service) and 
(BikeProduce service part-of Inspect service)]  and  
[(BikeProduce service consume Frame, Wheel) and (Assemble service consume 
Frame, Wheel) and 
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Figure 4-30: Merge operator in decomposition 
4.8 Design Steps for Enterprise Information Systems 
Given the service patterns and pattern operators, a service design steps can be 
developed. The following activities are intended to describe the design steps to 
achieve such model. All the steps after the first step are not strictly ordered. The 
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design process starts from the first step and there after follows incremental approach 
where more than one iteration has to be performed  
 
Step 1: Ø   enterprise model  
Step 2: decomposition:  {s0}  {s0 , s1 , ... sn}, part-of(si ,s0) 
Step 3: coordination: {s1,..., sn}  { s0 ,s1,..., sn,  ci,}, part-of(ci,, s0), coordinate(ci,, s0) 
Step 4: extension: {s1, s2} merge (s1, s2) 
Step 5: enhance:   {s}  {s,e} enhance(s,e) 
Step 6: specialization 
Step 7: outsource, reengineer 
 
Step 1:  The design starts top-down with the generic enterprise service model, to 
ensure the completeness. Generic enterprise service models for several 
categories are described in Appendix C. For example manufacturing, trading, 
service sectors. 
 
Step 2: In the second step, identify specific services by decomposing the enterprise 
model. As we described in the decomposition with merge operator in the 
previous section, decomposed service pattern with sub-service can be 
derived. 
 
Step 3: Once multiple sub-services exist, they have to be coordinated. Hence third  
step introduces the coordination service/s.  
 
Step 4:  In the fourth step allows to extend the model. For instance, there may be a  
manufacturing service pattern that generates waste and a waste management  
pattern, then the first one can be extended by merging it with the second.  
 
Step 5:  In this step, enhance services are adding to the model, such as management 
services, to other services where necessary. Note that the enhance services 
can be decomposed, enhanced, etc. as well.  
 
Step 6: This step allows to specialize the services /resources where ever possible.  
This is an important step which allows to customize the business solution. 
The business service model allows a room to customize further according to 
the special requirements using the operation of pattern annotation. For 
example the bike producing (which is discussed in the validation chapter) 
can be customized into producing of mountain bike. 
 
Step 7:  This step specifically supports model evolution. Model evolution includes  
outsourcing services, but also reengineering in the form of the reversal of any 
step 2-6.  Our aim is to support meaningful model evolution steps, not 
arbitrary deletions and insertions. 
 
As a summary, this chapter introduced a pattern based enterprise modeling 
mechanism with business services.  We follow the formal approach for pattern based 




according to one or more specifications of five service categories. The specification of 
the pattern structure describes the basic requirements and the graphical structure of 
the pattern.  
The pattern based approach for business service modeling proposed in this chapter, 
is flexible enough to adopt the changes. The pattern operations allow to expand the 
model by merging. The customization of patterns to a specific domain is defined 
using pattern structure annotation. More importantly, the global sourcing of resources 
is one of the key success factors of a business. The Outsourcing pattern supports the 
idea of global resource sourcing 
Finally we propose design steps to compose patterns into an enterprise model. We 
validate the proposed pattern based service modeling approach with two case studies 
(Chapter 6). 
4.9 Service Integration  
Smooth integration of services is one of the key benefits of service- oriented 
enterprises. The authors of Allgaier et al. (2010) say that SOA environment creates an 
opportunity to organizations to interact dynamically as service consumers and service 
providers making use of a service marketplace to design, offer and consume services. 
But the key questions are “Does the selected service address the real business need?” 
and “How to select the right service?”  Separating the business choices and technical 
choices is necessary in order to structure the solution to these questions. The role of 
business service pattern is not limited to design model. It can also be used in the 
discovery of the services in a service marketplace or service library. Based on 
business service patterns, we propose a business service integration mechanism with 
software services. First, we discuss stat of the art of the pattern based service 
integration approaches (section 4.9.1). Then section 4.9.2 describes the BSRM and 
process model mapping. We propose a metamodel for service integration and it is 
described in section 4.9.3.  The last section demonstrates an example.  
4.9.1 State of the Art 
There exists some relevant work on pattern-based service integration. The research in 
Allgaier et al. (2010) presented a pattern-based modeling approach to achieve the 
unforeseen integration of services into extensible enterprise systems. This framework 
demonstrates service integration to the presentation (HCI) layer using adaptation 
patterns that group common patterns of model elements and their relationships. Even 
though this approach enables an integrator to model or design the relevant integration 
aspects on a higher abstraction level than implementation-level, service thinking at 
the business level is not addressed. The work is related to the concept of plug-in 
technologies that allow the development and installation of web 2.0 applications. 
Based on the example of SAP's Enterprise Services, authors of Roy et al. (2010) 
describe a representational model that integrates both service and data by 
consolidating existing models and patterns used during the service design process. On 
top of this model, they created a metadata repository based on a list of ES and their 




the basis of the iterative search of software services. Even though the business objects 
are one of the ingredients of the representational model, there is no clear basis of 
selecting business objects to their model and their focus is on the presentation layer of 
the ES by providing a pathway to service matchmaking. 
There is also relevant research that incorporates business thinking to the service 
design and aims at mapping those designs to the software level.  One good approach 
is value based service design. Zdravkovic and Ilayperuma (2010); Weigand et al. 
(2009); De Castro et al. (2009) present an MDA approach to design and transform 
services from CIM, PIM to PSM. However, the focus of all these approaches is on 
service design and transformation, not on service integration. On the other hand 
Allgaier et al. (2010) and Roy et al. (2010) have a focus on service integration. One 
problem is that business choices and technical choices are all dealt with together at a 
technical layer and have an exclusive software engineering perspective.  











































Figure 4-31: Metamodel for the pattern-based service integration 
 
Figure 4-32 shows the metamodel for composing the enterprise model and how the 
business service patterns are related in the service discovery. As soft goals (extra-
functional requirements) should be optimized, service discovery should address these 
goals. Hence these goals are represented in the BSPs: some BSP may prioritize 
efficiency, another customer-intimacy. Between the BPSs and the business processes 
a mapping exists, as discussed in chapter 3. When using the BSPs in a service 
marketplace setting, these mappings may also be defined manually. As explained in 
section 4.7.1, BSPs can be combined using algebraic operators such “merge”.  Each 
time the enterprise model is transformed, using a BSP and BSP operator, the 




the enterprise model, the designer also has an integrated BP (to be more precise: a set 
of possible BPs as we assume that the enterprise model still leaves room for different 
process implementations). The adaptation guide lines describe the homeomorphism 
between BSPS operators and BP operators, including conditions and their use and 





For every merge operator in the BSP, there are one or more message lines in the 
BP. 
Conditions: 
If the common object of the merge operator is a service:  
- If the service exists internally, the message lines run in between swim lanes 
of same pool.  
- If the service belongs to another party, the message lines run in between 
swim lanes of different pool/s.  
 
These guidelines provide business process to derive the right parameters which  is 
useful to find out the required library item.  
4.9.2.1 Example  
For example, the soft goal of customer intimacy can be increased by delivering the 
product to the customer at right time. It can be achieved by having an option of 
outsourcing the delivery service when self delivery is not possible due to lack of 
resources. This requirement can be implemented by merging the basic “Product 
Delivery” pattern (Figure 4-29(a)) with “Delivery Outsourcing” pattern (Figure 4-29 
(b)). These two patterns are combined using a merge operator with the common node  
e.g., Delivery (composite pattern is shown in Figure 4-29 (c). 
   Corresponding change in the business process side can be viewed as creating a 
relationship by means of message line (“delivery request”) from the company to the 






Chapter 5  
 
Enhance Services   
   
5.1 Introduction 
Every service has two main goals: satisfy the customer (who interacts with the 
service) and satisfy the business (that has set up and maintains the service). Apart 
from the cost effectiveness for both parties, several other factors play a major role to 
achieve the above dual goals. For the customer quality, flexibility, convenience and 
intimacy are few examples. Possible examples for the business are efficiency, 
effectiveness and security. Hence it is important to indentify these second order 
values with corresponding to extra-functional properties. On the other hand Porter’s 
value chain analysis shows that the systematic linkage of primary and supporting 
activities is crucial factor to gain competitive advantage (Porter, 1985). According to 
Porter, extra-functional features are achieved through supporting activities. He 
specifically mentioned indirect activities (activities that make it possible to perform 
direct activities on continuing basis such as sales force administration, maintenance) 
and quality assurance activities (activities that ensure the quality of other activities 
such as monitoring, reviewing). Identifying these support activities as services has 
several advantages not only to the business users but also to the application designers. 
Taking necessary actions to further improvements, allocating separate budget 
Chesbrough (2011), defining organization constraints to these activities are some of 
the advantages for business users. From design perspective, this separation increases 
the modularity and the granularity for these services. Most of these supporting 
activities are often mixed up with the operational service logic itself, or it is handled 
in a separate not service-oriented system (Weigand et al., 2011). Therefore, it is 
important to relate these support activities to the business service model. 
We identified some commonalities between the enhance services and the support 
activities defined by Porter. For example both have an existence-dependency. The 
supporting activities affect at least one primary/operational activity.  Enhance services 
also affect at least one operational service directly or indirectly.  
 In this chapter we zoom into the enhance services further. We defined enhance 
service as a role of a service, in our service metamodel. By definition, enhance 
service is any service that adds value to any other service/resource called its goal. An 
example of an enhance service is a service that advertises another service, or manages 
it.  Since we derive all the service patterns based on structures which were described 
in chapter 4, first we demonstrate the pattern structure and the specification for 
enhance service with more detail. Figure 4-8 shows the pattern structure for the 
enhance service. The left side of the structure shows the enhance service and its stock 
flow relationships with intentional and physical resources. The right side of the 
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structure shows any kind of service with its relationships to the resources. The 
relationship between enhance service and the other service is “enhance”. For 
instance, the service in the left side can be a management service and other side can 
be an operational service. One can argue that the possibility of using “part of” 
relationship instead of “enhance”. But in our view, the “enhance” relationship is a 
special kind of relationship. The objective of enhance is improve the efficiency or the 
effectiveness of affecting service / resource, like a supporting activity.  And the 
affecting service can exist independently without an enhance relation. So, we 
differentiate enhance relationship from the part-of the relationship.   
According the constraints of the specification of enhance service pattern structure 
have stock flow relationship with intentional resources. The chance of using 
operational resources is also high.  As enhance service is a kind of service itself, it 
may use other services or it may have sub-service or it may be enhanced by other 
service. But these are optional. Therefore we exclude those from the pattern structure 
specification (cf. 4.1.5).  
We identify several categories of enhance services as follows. Separation of 
operational layer and the enhance layer provides better insight to each of the services 
given below. The detailed analysis of these services is given in next sub sections.  
 management service  
 human resource provisioning service  
 publication  service 
 access as a service 
5.2 Management as a Service 
The main objective of management is getting maximum results with minimum effort 
and minimum resources. Successful management is a key factor for the success of the 
business. Hence, businesses pay lots of effort to manage its activities. Porter defined 
management activities under Firm Infrastructure which is one category of the 
supporting activity. Firm Infrastructure consists of various activities including 
management activities such as general management, planning and quality 
management. Firm infrastructure supports entire value chain in the firm. As the goal 
of support activities is increase the efficiency and effectiveness, the firm 
Infrastructure also has the same goal. In service modeling approach, we also identify 
management activities separately. As the management involves planning, monitoring 
and evaluation activities, it cannot be categorized as physical resources or intentional 
resources. So the management is a service, which uses resources.  These include 
operational resources and intentional resources. The management service may have 
sub-services too. The goal of management service is another service or resource. 
Hence, we have conceptualized management as an enhance service. In Software 
Engineering, the idea of separating operational and management concerns is not new. 
In the field of self-adaptive software, a distinction is made between internal and 
external adaptation (Nayak et al., 2007). Internal approaches intertwine application 
and adaptation logic. This has certain drawbacks. External approaches use an external 
adaptation engine or manager that contains the adaptation logic, the other part being 
called the “adaptable software”. By conceptualizing management as a service, we 
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follow an external approach. Note that this is not a formal necessity but an 
architectural choice. 
We propose a fractal design approach in the sense that the same generic service 
model is applied to management services. We identified management service is itself 
another service that uses resources.  These include operational resources, e.g., labour 
hours, and intentional resources. The management service may have sub-services, 
such as a monitoring service, and a management sub-service may have its own 
manager service. This service-oriented approach increases reusability. The advantage 
of the fractal approach is that it makes the design completely service-oriented, not 
only its operational part. This is in contrast to other approaches that for instance 
conceptualize BDI agents as management services, or monolithic BAM software. 
What does a management service actually do? Most current approaches in the field 
of self-adaptive software follow classical control theory and posit a control loop, also 
called MAPE cycle (Monitor-Analyze-Plan-Execute). The same cycle underlies the 
deliberation cycle that is used in multi-agent systems (with Beliefs, Desires and 
Intentions). Our approach is required to be business-driven and service-oriented. 
Following the management control literature Simons (2000) we call it the diagnostic 













Figure 5-1: Diagnostic control cycle together with the service interaction cycle  
(Dashed rectangles indicate intentional resources, coloured boxes indicate services) 
Figure 5-1 depicts the generic service-oriented management architecture for the 
diagnostic control cycle. On the right hand side, we see the traditional service 
interaction cycle: the customer sends a request to the service provider. The execution 
produces, perhaps iteratively, a certain state that corresponds to and so fulfills the 
request, and this result is returned to the customer for evaluation. However, the 
execution does more than that. From a management perspective, the execution is the 
realization of the service specification. So there is another interaction cycle, between 
management service and operational service: the manager enforces a service policy on 
the operational service. In the case of software services, the service specification may 
take the form of a BPEL specification, or a set of business rules (cf. Moscinat et al., 
2010; Yu et al., 2010) for how to implement policy enforcement based on such 
models). The execution produces a certain state (set of assertive – this reporting is 
also governed by policy constraints). The state information is returned to the manager, 
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where it is typically aggregated by monitoring services and then evaluated. If the 
evaluation is not satisfactory (does not match the policy goals), the service 
specification is adapted. The policy will usually contain conditional constraints that 
become effective in the case of contingencies, akin to terms in a contract or a 
mitigation plan.  
It is possible that the operational service policy has to evolve itself. However, this 
is not the responsibility of the management service. If we want this type of self-
adaptation, a second management level has to be introduced, in accordance with our 
fractal design principle. In that case, the Management Service specification in Figure 
5-2 is not fixed but itself the result of a Management Policy enforcement process. 
Three kinds of management sub-services can be distinguished. A monitoring 
service uses and produces assertives. An evaluation service uses assertives and 
produces evaluatives. An enforcement service enforces policies, using evaluations and 
possibly assertives and producing directives. Further specializations are, for instance, 
sensor services, aggregation services, inference services and data transformation 





Figure 5-2: Contract management cycle 
The flexibility within the service policy that enables varying enforcements can be 
realized in several ways that go beyond the scope of this research. We just want to 
mention two options. The policy may consist of a fixed set of alternatives, as in the 
variability transformations approach Cetina et al., (2009), that are selected on the 
basis of the evaluation. Or the policy contains a parameter whose value is dependent 
on the evaluation. An example is “credit level” in an order processing service. If the 
credit level is too low, the company losses because of non-payments. If the credit 
level is too high, the company misses sales opportunities. To find an optimal credit 
level and adapt if when the circumstances change the manager can (re-)calculate the 
parameter value by means of a stochastic optimization algorithm. 
According to Simons (2000), diagnostic control is the “automated pilot” that 
allows the human manager to spend his time on other things, in particular interactive 
control. The way Simons presents this it is not a homogeneous group. An important 
subclass concerns interactions with service stakeholders about the service 
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requirements. These requirements can be diverse, but include requirements on future 
capacity. These requirements are passed through the value chain in reverse direction, 
from customer (market demands) to sales and further on to production and 
procurement. To account for this kind of interactive control, we need another 
management cycle (Figure 5-2).  
The manager interacts with other managers in the value chain at customer and 
supplier side. The customer manager’s requests do not concern a particular service 
instance, but a certain state or quality of the service as such. For instance, that the 
service has a certain capacity at a specified time. This leads to certain commitments 
that are part of a REA contract. The synchronization of contracts is what is called 
scheduling. The purpose of a schedule is to make sure that for all services the needed 
resources are identified, as well as when they will be needed (Hruby, 2006). A 
schedule is a collection of increment and decrement commitments, as well as 
mitigation plans. The increment commitments indicate the availability of the service 
at some future time, or the availability of the resource produced by the service. 
Decrement commitments concern the resources (sub-services or resources produced 
by sub-services) needed to fulfill the increment commitments. These decrement 
commitments must be gained from the managers of the supplying sub-services. In our 
conceptualization, the schedule is not a separate entity but the combination of these 
contractual commitments. Note that the scheduling usually runs independently from 
the operational service. It only prevents the operational service to break down when 
the actual service requests come. However, the scheduling may influence the 
operational service. For instance, if the sub-service providers are not able to commit 
to the required resource capacity, this is forwarded as such via the contract 
monitoring, so that the service policy enforcement can pro-actively find and bind 
other suppliers. 
A second important subclass of interactive control distinguished by Simons is the 
ongoing conversations on probing the assumptions underlying the diagnostic control 
settings.  One of the manager’s interactive control tasks is to adapt the service policy 
when its assumptions do not hold anymore or to anticipate such a break-down. This 
can be realized by a discourse between managers, akin to the above-mentioned 
knowledge plane (Dobson et al., 2010). 
As mentioned earlier, more control systems could be distinguished – boundary 
systems and belief systems. Whether these can be realized as special cases of the 
other ones, or deserve to be identified independently, is a question for future research. 
5.2.1 Example 
The proposed management service model has been evaluated in a real world case 
study of wine production (S-Cube, 2009). According to the case description, the goal 
of the Wine Producer is to maximize his production in order to adapt the monitored 
market needs. During the wine producing process quality assurance plays a major 
role. The Quality Manager, the Agronomist who is an expert of a branch of 
agriculture which deals with field-crop production and soil management, and the 
Oenologist who is an expert in wine and wine production involved in this process. 
They have to observe the vineyard parameters and to react to critical conditions that 
may happen during the cultivation phase. The wine production case has major phases 
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namely vineyard cultivation, harvesting, fermentation and wine distribution and 
selling.  
Following the management service modeling approach the first step is modeling 
core business services at the operational level (Figure 5-3). 
 
 












Figure 5-3: BSRM model for wine production (core services operational layer) 
 
The core services of the wine production are vineyard cultivation, vineyard 
harvesting, harvest transporting, fermentation, and sales of wine. There is one 
exchange service which is sales of wine and all the others are conversion services. We 
use ResourceExchange and Conversion pattern structure specification. Vineyard 
cultivation is the first step of the wine production process. It is a conversion service 
and it uses resources Grape plants and Vineyard and produces Grapes. The next 
conversion service VYHarvesting uses the Grapes and produces Harvest. The rest of 
the core services use and produce resources are as depicted in Figure 5-3. The sale of 
wine which is an exchange service generates money in return for selling wine. To 
close the value cycle, the money derived from the sales of wine is spent on different 
activities in the wine producing process, for example to purchase grape plants. 
Next, we focus on the vineyard cultivation core service and flowing Enhance 
pattern structure specification (Figure 5-4). We look for management services 
corresponding to the three control cycles. Vineyard cultivation management service 
VYCultivationMgt is a contract management service responsible for the cultivation 
process and the VY activity planning and labor allocation are sub-services to this 
management service. VY activity planning builds on contracts set up between 
VYCultivation and Sales, indirectly based on market information. VY quality 
management (VYQualityMgt.) service is a diagnostic control service. It is possible to 
identify two sub-services to VYQualityMgt, namely VY activity monitoring and 
recovery management. It uses a number of intentional resources as input and produces 
a service policy in the form of a recovery action list. Climatic data is an example of 
assertives that are defined as policy assumptions. To acquire these assertives, the 
management service presumably relies on a discourse (not included in the model). 
VY parameters are assertives for monitoring and the critical condition list represents 
values that support the evaluation. It turns out that the three control cycles and their 
sub-services provide a very good framework to structure and integrate the VY 
management phenomena. 
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The BSRM model aims to provide a first graphical overview of the management 
services. For each management sub-service identified, a more precise definition is to 


























Figure 5-4: BSRM model for vineyard cultivation service (management layer) 
5.3 Human Resource Provisioning as a Service 
Human resource (HR) is not yet another resource used in the business’s value creation 
process.  In some companies HR is the main factor, to be in the competitive edge. For 
instance:  software development industry. Human resource management is 
categorized as a supporting activity in Porter’s value chain and HR management 
supports both primary and supporting activities. HR service provisioning is essential 
factor when realizing most of the exchange and conversion services.  The questions 
are: how does the human resource differentiate from the other resources and how does 
the human resource provisioning affect to other services. As humans inherent with 
special qualities they are significantly different from other resources. They use their 
knowledge, skills, and experience, etc. when engaging in a value creation process.  As 
a result of engaging the value creation process, humans are acquiring new knowledge, 
experience and motivation etc. The feelings of enthusiasm, urgency, intensity or the 
de-motivation towards the work (Macey et al., 2009; Schaufeli and Salanova, 2007) 
are also affected to the work that they are doing. They consume food and water to 
keep up their energy. All these attributes are coming from physical, cognitive and 
emotional aspects. These qualities are different from one to one. Hence, it is 
understandable that human resource is different from other resources. Coming back to 
the second question, one can view HR has a ‘use’ relationship with other services. But 
our view is HR engagement in a value creation process is more than that. HR 
involvement improves the efficiency and effectiveness of the affecting service. Porter 
also mentioned that all the supporting activities improve the efficiency and 
effectiveness of primary activities.  Human resource service provisioning directly 
affect to the quality of the outcome of the service. Therefore, we model HR service 
provisioning as an enhance service.  
Figure 5-5 shows the general pattern for any kind of HR service provisioning 
which enhances a conversion service.  The general pattern is similar to the pattern 
described in section 4.5.1. The service which is affected by the 
HRServiceProvisioning can be any type of service (conversion, exchange, coordinate, 
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enhance etc.) Bringing HR service to the company involves a cost always.  Hruby 
demonstrated it as human resource acquiring pattern (Hruby, 2006). In the BSRM 
model, we capture the HR service acquiring as an exchange service. The company 
pays money to take HR service. In the figure, it shows as HRServiceExchange takes 
HRServiceProvisioning and gives money in return. Once HR service exists in the 
company, it enhances other service/s. In the generic pattern structure the enhance 
relationship shows between HRServiceProvisioning service and Conversion service.  
HRServiceProvisioning service uses and produces intentional resource/s.  It 
uses/consumes physical resources as well. As HRServiceProvisioning is an enhance 
service, it follows the Enhance pattern structure specification. The constraints defined 
for the enhance pattern specification says that intentional resources are optional. But 
we further qualify this constraint for the HR service provision. As we mentioned at 
the beginning of this section, HR always uses and produces physical, cognitive and 
emotional features. Therefore HR service provisioning always has stock flow 
relationship (use and produce) with intentional resources which represent the human 
qualities (few of them are mentioned above). As these human qualities characterize 
the features of the knowledge dimension, the business service model shows the 
incorporation of knowledge dimension. We demonstrate the HR service provisioning 























Figure 5-5: Generic Business Service pattern for the human resource provisioning 
5.3.1 Examples 
We demonstrate HR service provisioning with two examples. The first example is 
about painter’s service provisioning (which relates to manufacturing sector).  Figure 
5-7 shows the BSRM model with minimal concepts which are sufficient to explain 
possible relationships. The company has to pay for the painter’s service. It is modeled 
as PainterServiceExchange which gives money to take the 
PaintingServiceProvisioning. Paint is a conversion service which converts the 
unpainted product to painted product. The Paint service consumes the Paint resource.  
The painter’s service helps to accomplish the painting. The model illustrates it as 
PaintingServiceProvisioning service enhances the Paint service .The 
PaintingServiceProvisioning and its relationships with resources are depicted in the 
left side of the figure.  It uses and produces PaintingSkill  and Experience  as  
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intentional  resources. And also it uses SafetyGlouse – a physical resource, and 
consumes Food – physical resource. We use three pattern structure specifications to 
model this example namely exchange service pattern (cf.4.1.2), conversion service 
pattern (cf.4.12) and the enhance service pattern (cf.4.1.5). The BSRM model for 
PaintingServiceProvisioning points out conjunction of three dimensions namely 
salary administration as an exchange service, knowledge management as a HR service 




























Figure 5-6: BSP for the painting service provisioning 
 
The second example demonstrates the teaching service provisioning (which relates 
to service sector).  Teach is the service which needs the teacher’s service. In BRSM 
model (Figure 5-8), it shows as TeachingServiceProvisioning enhances the Teach 
service.  Teacher’s service is available in the system as a result of exchange service, 
which exchanges TeacherService and Money. TeachingSkill, SubjectKnowledge and 
Experience are intentional resources. The former two have use relationship and the 
later one has produce relationship with TeachingServiceProvisioning. Note that the 
Learner is an active role in this case. As the learner participates actively to the 
teaching activity, the Teach service is improved. Therefore, the role of learner is also 
modeled as an enhance service – LearnerServiceProvisioning. 
LearnerServiceProvisioning uses LearningSkill and produces Knowledge. Teach 
service has two enhance services from teacher’s side and from the learners’ side. 
Teach service uses class room.  When there is a inactive role, we model it as a 
resource. For example the customer is an inactive role in a hair cutting service. 
 
 
























Figure 5-7: BSP for teaching service provisioning 
 
We identified the HR service provisioning as an enhance service. The concept was 
demonstrated with two examples. In this discussion, we analyze our approach. The 
HR service provisioning in BSRM model gives an abstract view of knowledge 
management. We can identify several advantages by separating HR services 
provisioning with other services. Some of the advantages are highlighted in Businska 
and Kirikova (2011)   research work, where they integrated knowledge dimension to 
business process modeling.   
 
Benefits of separating HR service provisioning: 
  
 Possibility to identify, plan, and manage knowledge of the role required for 
participating in a particular activity and linking this knowledge to the required 
service 
 Possibility to evaluate the amount of lost organizational knowledge if a person – 
owner of knowledge – leaves the organization. i.e., to identify which tacit 
knowledge in this case should be transformed into explicit knowledge, such as 
documents, rules, systems, etc.  
 Opportunity to improve understanding about the knowledge usefulness, validity 
and relevance for particular activities. 
 Opportunity to enable competence requirements management and proactive 
training based on a process reengineering impact analysis.  
 Opportunity to identify relevant costs to hire a personal. 
 Opportunity to identify indirect costs well  (Eg: Cost of food in the second 
example) 
 
As an alternative modeling approach, we can consider HR as another type of 
physical resource which is used by a service. Then HR becomes a single component 
and special qualities which inherent by human being do not appear in the model. Then 
the knowledge dimension is not visible. Hence, the advantages, we discussed above, 
are also not evident.  
If we look at the two examples demonstrated above, we can see, the BSRM model 
with HR service provisioning integrates several aspects. For instance in the product 
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painting example, salary administration aspect, knowledge management aspect and 
operational activity are joint together.    
5.4 Publication as a service 
All kind of advertising activities relates to a product or service, are considered as 
publication service.  A publication service provides information about another service 
(or any other resource) e.g., by means of a web page, a TV ad or a public service 
registry (Weigand et al., 2009). Companies spend huge amount of money for 
advertising their product/service. From a “budgetary” context perspective, the biggest 
part of marketing expenditures usually goes to advertising and promotion Ambler 
(2000). What does the publication service actually do? The primary objective of 
publication service is increasing the knowledge of customers about the 
product/service. It increases visibility of the product/service. In Porter’s value chain 
analysis, advertising is bundled with sales and it is categorized as a primary activity. 
But, we distinguish sales and advertising as two different activities, where the sale is a 
primary activity and advertising is a supporting activity to selling product/service. In 
that sense, advertising service always has a goal of product/service. It always affect to 




















Figure 5-8: Generic business service pattern- Publication service 
 
Figure 5-8shows the generic service pattern for publication service. Publish is an 
enhance service which enhances the Product. Publish service uses and produces 
intentional resources and it may use physical resources as well. The product/service 
which is enhanced by the Publish service is an input to the Sale service. As publishing 
is always incurred some cost, we demonstrated it by making relationship (give) with 
money. Further, Publish service may have enhance or coordination services. We 
didn’t incorporate those services into the model as those are optional. 




We demonstrate the publication service using an example – Advertise service. Figure 
5-9 shows the service model for the Advertise service. The goal of advertising is 
making public awareness by providing information about the product. Hence, 
information of the product (ProductInfo.) and ProductAwareness are used and 
produced by the Advertise service. Further, the Advertise service uses DigitalBoard 
which is a physical resource.  Normally, advertising and sales are tied together. 
Because the aim of the commercial advertising is encourage or persuade customers to 
purchase the product or service.  In Porters value chain activities, these two are 
considered as one category in primary activity. We exhibit this relationship via the 
Product. The Product which is enhanced by Advertise service, relates with Sale 
exchange service with Give relationship. But sales and advertising are two separate 
services. The company gets Money in return from Sale exchange service. Companies 
can advertise their product by themselves or they can be outsourced the advertising 
service. If it is outsourced, the advertise service is inflow of an exchange service 
(advertise exchange service). Hruby (2006), discussed the same example under 





















Figure 5-9: Business service pattern – Advertise service 
(BSP-Advertise_Service) 
 
In this section, we described the publication service as an enhance service. The 
pattern (Figure 5-9) is built using enhance pattern structure and the exchange pattern 
structure. The affiliation of sales and publication is represented by merging Publish 
service with Sales service via the Product (the common object). The separation of 
publication as a separate service has several advantages. Some of them are discussed 
in (Chesbrough, 2011).  
 
Benefits of separating Publication service: 
 
 Opportunity to identify relevant costs to for publicity.  
 Opportunity to improve the publicity by analysing the customer perceptions. 
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 Opportunity to analysis and improve the HR services provisioning which 
enhances the Publication service. For example Advertise service may need 
advertising personal. The knowledge dimension of those personal, training 
of those personal , wages can be identified separately, 
 Improves the loose coupling by separating  publication service with other 
service, Eg: Sales and Advertise are two separate services, 
 As publication service is separated, outsourcing the publication service is 
possible and it doesn’t change the whole model. (cf. outsourcing pattern 
structure) 
5.5 Access as a service 
As more and more businesses move into the internet, the need of accessing them 
becomes vital. The general meaning of “Accessing” is entering or approaching. In 
SOA paradigms, we can find many definitions to the term service, but definition for 
access a service is lacking. However, in OASIS reference model (OASIS, 2006), the 
definition of service incorporates the two terms access and the service. They defined a 
service as “a mechanism to enable access to a set of one or more capabilities, where 
the access is provided using a prescribed interface and is exercised consistent with 
constraints and policies as specified by the service description”. We can find three 
characteristics of Access from this definition: access allows to reach to one or more 
capabilities; access has prescribed interface; it is running on constraints and policies 
of the service description. We use the same characteristics to define the access as a 
service. Apart from that, we incorporate the following characteristic too.  If A is an 
access service to B, the following must hold: the goal of B is included in the goal of 
A, and B is a core service (Weigand et al., 2009). From business service point of 
view, access as a service uses resources (physical or intentional). Hence, we 
conceptualize access as an enhance service.  
Figure 5-10 demonstrates a generic pattern for access service. Access service 
always enhances another service. It uses and produces intentional and physical 
resources. Like any others service, the Access service uses other services. It is 
possible to have enhance services to Access service. As they are optional, we exclude 














Figure 5-10: Generic business service pattern- Access service 




In the Figure 5-11, we demonstrate an access service to online book selling service 
called BookSaleExchange. BookSaleExchange is the core service which follows the 
exchange pattern structure.  BookSaleExchange gives Book in return of Money. As 
book selling service is available online, there must be an interface to get into the 
service. Hence we add an access service (BookSaleAccess). BookSaleAcces service 
uses WebServerSpace. It uses BookInformation produces convenience, which are 
intentional resources. Since convenience is a strategic second order value, it is 
important to offer one or more user-friendly interfaces. For example, an order-by-
phone interface. BookSaleAccess service is also enhanced by informational services. 




















Figure 5-11: Business service pattern – Access service 
(BSP-Access_Service) 
 
We identified Access service is another kind of enhance service. Hence it follows 
the enhance pattern specification structure. However, the separation of access service 
has several advantages which are listed below. 
 
Benefits of separating Access service: 
 
 An advantage of using an access service is that it can act like Facade object in 
Software Engineering (Gamma et al., 1995) that induces loose coupling by hiding 
the service details from the consumer (Weigand et al., 2009). 
 Improves the business agility. For instance, the core service can be access in 
different ways through access service which is convenience to its customers. 
 Opportunity to analysis and improve the Access service. 







Chapter 6  
 
Validation and Evaluation 
6.1 Introduction 
Validation and /or evaluation are a crucial component of a research project.  The goal 
of validation is checking the internal and external validity of the research artifact. The 
purpose of evaluation is the systematic study of a research artifact in terms of 
functionality, completeness, consistency, accuracy, performance, reliability, usability 
etc. (Hevner et al., 2004).  Among them, we check the completeness, accuracy and 
consistency of the proposed framework.  
From the several methods of evaluation, we employ the following. Evaluation of 
the proposed framework has been described already in chapter 3 of the dissertation. 
Partial results were disseminated in the academic community such as conferences and 
publication in journals. The features of proposed BSRM language were compared 
with selected service modeling approaches and the results were discussed in chapter 
three. The logical consistency of the BSRM language was strengthened with a 
metamodel approach. As we derive the constructs and logic of BSRM in terms of a 
metamodel, the model can be evaluated in an objective way. BSRM has been 
formalized using the metamodeling facilities of ConceptBase (Jeusfeld et al., 2009).  
In this chapter, we use three case studies to validate the proposed service design 
framework aiming to check its conceptual fitness and the completeness.  We select 
three cases from the manufacturing domain, the agricultural domain and the service 
domain. First case study is about bike producing - Global Bike Inc. (GBI), a fictional 
case presented by SAP (Magel and Word, 2012). The next two are real world cases 
from literature.  The second case is about wine producing published by S-Cube 
project (S-Cube, 2009). The last case is about a Dutch transportation company 
(Dieleman, 2010) which is an example in the service domain.  The results of these 
case studies are described in section 6.2, 6.3 and 6.4 accordingly.  
6.2 Case Study of Global Bike Incorporation  
Global Bike Inc. (GBI) is a fictional case provided by SAP. GBI is a US registered 
specialized manufacturer and the seller of racing and touring bikes. It operates a 
subsidiary company - GBI Europe in Germany. US headquarters in Dallas is 
responsible for material planning, finance, administration, HR and IT functions apart 
from the manufacturing, warehousing and distributing. GBI Europe is conducting 
majority of R & D apart from the manufacturing, warehousing and distributing. GBI 
produces off-road bikes, touring bikes and accessories. Considering the size of the 
case, we select only one type of bike manufacturing i.e. off- road bike producing.  
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6.2.1 Business Service Model for the GBI Inc. 
By following the design steps which are described in chapter 5, we start the modeling 
with enterprise service pattern of manufacturing company – ESP_Manufacturing (cf. 
Appendix C). The selected enterprise service pattern describes the main value 
activities of GBI Inc. in particular for off-road bike producing. Figure 6-1 shows the 
generic composite services which consists of purchasing raw materials, producing off-
road bikes and selling bikes. We further zoom into the production service - ‘Off-road 
Bike Produce’.  
GBI Inc. follows the make-to-stock scenario. Before starting the production, a 
production request has to be occurred and then the request becomes a planned order.  
Actual production starts after the planned order has been authorized into a production 
order. Issuing raw materials to the production and storing the finished good are two 
other activities which are required to complete the production. We drill down to 
actual production further. Assembling, inspecting, de-assembling and packing are sub 
activities of actual production. Following step 2, we decompose the ‘Off-road Bike 
Produce’ service into sub-services and its related resources. We use the decomposed 
pattern structure to derive the decomposed model (Figure 6-3). 
 
Step 1: ɸ   Enterprise model 
 
In this step, we select the enterprise service pattern ESP_Manufacturing. Using 
































Figure 6-2: Bill of material to the Off-road bike producing 
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All the input materials of the ‘Off-road Bike Produce’ service which are shown in 
Figure 6-2 are combined together as Input Materials, for the simplicity of the rest of 
the hereafter. 
 



















Figure 6-3: Decomposition of Off-road bike producing 
 
Step 2 is the decomposition. We use Sub-Service  (sub-service pattern structure) 
specification and two pattern operations (expansion and annotation) to derive the 
decomposed pattern (Figure 6-3). The patterns used in this step are  BSP-Inspect, 
BSP-Assemble. Assemble. Inspect, De-assemble and Pack are conversion services.  
Note that the criteria for the decomposition levels are not worked out.  
 
 
Step 3: Coordination: {s1,..., sn} = { s0 ,s1,..., sn,  ci,}, part-of(ci,, s0), coordinate(ci,, s0) 
 
Then we move to step 3 (Figure 6-4). As multiple sub- services are introduced, they 
need to be coordinated. We identify the production order processing as a coordination 
service -‘ProductionOrderProcessing’. We use Coordinate specification and the 
pattern BSP-Production_Order_Processing  to model the coordination service. 
Production Order which is an intentional resource is an input and also an output to 
the ProductionOrderProcessing. After accepting the production order, actual 
production is started. Coordination of different activities till the end of the production 
is done through ProductionOrderProcessing. Once the production is completed the 
“completed production order” is produced. In our model the different states of the 
production order (planned, accepted, issued and completed) are depicted. These states 
are specializations of the ProductionOrder. 
 

























Figure 6-4: Introducing a coordination service 
 





























Figure 6-5: Introducing a management service 
 
Proceeding to the next step, we identify - ProductionOrderManagement as an 
enhance service (Figure 6-5). Planning of the production order, authoring it and 
monitoring the actual production are the main activities of  
ProductionOrderManagement. We use Enhance specification and the 
BSP_Production_Order_Mgt.  pattern in this step. It is possible to decompose these 
sub–activities (Figure 6-6) using Sub-Service specification. 
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ProductionOrderPlanning use OrderRequest and it generates PlannedOrder. The 
ProductionOrderAuthorizing approves the PlannedOder, and then the order becomes 








































Figure 6-6: Decomposition of Production Order Mgt. 
 
Step 5:  Extension: {s1, s2} merge(s1, s2) 
Merging of Off-road bike producing with inventory of raw material. 
 
We extend the model by merging inventory of raw material with off-road bike 
producing (Figure 6-7). The model of inventory of raw material can be derived from 
the pattern BSP- Inventory_Raw_Material. Then the model can be extended by 
merging the IssuedMaterial with Off-roadBikeProduce. The diagram given below 
shows the outcome of this step. 










































Figure 6-7: Merging of Off-road bike producing with inventory of raw material 
We can repeat the steps 2 to 6 to capture the full details of the case. For example the 
conversion service Assemble, can be decomposed further according to the case 
description.  We skip the design step 6 – the specialization as it not visible in this case 
at this moment. Therefore, we move to step 7. 
 
Step 7: outsource, reengineer 
 
GBI Company assembles only the wheels in-house and purchases other parts as 
assembled components. This is an example of outsourcing a product. For the 
simplicity of the diagram, we select the purchasing of tires for off-road bike. 
Following the pattern BSP-Cash_Purchase, we model the purchasing of tires. The 
diagram 6-8 shows the above detail. For the sake of clarity, we include only a part of 















Figure 6-8: Purchasing of tires 
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6.2.2 Model Analysis  
In this section we check the completeness of the BSRM model of GBI Inc. and the 
usage of business service patterns.  
 
Model Completeness:  
 
Figure 6-7 shows the BSRM model only for the Off-road bike producing. All the 
services are shown in rounded rectangles and the resources are shown in rectangles. 
Following the BSRM language semantics (cf. 3.1.1), we check the completeness of 
the model (Figure 6-7) with following features. 
 
1. Service stockflow completeness:  
 
Requirement:  For each service, at least one inflow and outflow resource should be  
specified.  
Checking:  All the services which are depicted in colored rounded rectangles 
have at least one inflow and outflow resource. 
 
2. Physical resource  flow completeness: 
 
Requirement:  For each internal physical resource type, at least one inflow and  
outflow service should be specified. For external ones, this is not 
required. 
Checking: All the physical resources are depicted with rectangles in the figure. 
We can observe the several resources do not meet the requirement. 
These resources are RawMaterial, DefectedBicycle, Tool, 
PackedOff-roadBicycle.  The RawMaterial has only outflow 
service.  The inflow service can be introduced by merging 
purchasing of raw material service. The DefectedBicycle has only 
inflow service. The possible outflow service can be modeled using 
waste handling. As we didn’t modeled the procurement activities for 
all the infrastructure resources, the resource Tool has only outflow 
service.  It can be replenished by connecting to the inventory 
handling of supporting resources. The  PackedOff-roadBicycle  has 
only inflow service. The sales exchange service is used the 
PackedOff-roadBicycle in the complete model.   
. 
3. Enhancement and coordination completeness: 
 
Requirement:  For each enhancement and coordination, at least one inflow and one 
outflow of the intentional resource type should be specified. 
Checking: All the services which are depicted in white color rounded 








4. Intentional resource completeness 
 
Requirement: For each internal intentional resource type, at least one inflow and 
outflow service (enhancement or coordination) should be specified.  
Checking:  All the intentional resources are depicted with dashed rectangles in 
the figure. All of the intentional resources meet the above 
requirement except the OrderRequest and the 
ProductionOrderStatus. As the GBI Inc. follows the make-to-order 
scenario, the OrderRequest should be generated by inventory of 
finished goods.  ProductionOrderStatus has only inflow service and 
it can   be used by a monitoring activity in the finished goods 
inventory in the complete model.   
 
Usage of BSPs: 
 
If we analyze the final BSRM model of the GBI Inc. case, we can see the usage of 
business service patterns. In step 1, we use the enterprise service pattern for 
manufacturing company. In step 2, we use Sub-Service specification and two patterns; 
BSP-Assemble and BSP-Inspect. Apart from that, in total we use BSP-
Production_Order_Processing, BSP-Production_Order_Mgt. BSP-
Inventory_Raw_Material and BSP-Cash_Purchase patterns in the solution. We can 
observe from the Figure 6-7, the large amounts of concepts are built on patterns. The 
Merge operator is also used when combining patterns. 
6.3 Case Study of Italian Wine production  
We continue the case study of wine production (S-Cube, 2009) that we used in the 
chapter 5, as the second demonstration. In chapter 5, we mainly focused to the 
management layer of the design.   According to the case description, the goal of the 
Wine Producer is to maximize the production and the quality of wine in order to adapt 
the monitored market needs. The case reported wine production activities using four 
main scenarios, i.e. managing market needs, cultivation handling, harvesting and 
fermentation and distribution and selling. Different personals are responsible for 
activities of the wine production. For example the Quality Manager, the Agronomist 
who is an expert of a branch of agriculture which deals with field-crop production and 
soil management, and the Oenologist who is an expert in wine and wine production 
involved in this process. Each of the scenarios is briefly described in the next 
paragraphs.  
 
Cultivation handling: The cultivation starts with determining the kind of vineyards to 
be cultivated by analyzing market data. The responsible personals for vineyard 
cultivation have to observe the vineyard parameters, detect the critical conditions and 
perfume the recovery actions during the cultivation phase.   
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Managing market needs: In this scenario the main activity is analyzing market data, 
forecast, observe the vineyard activity and react for the critical conditions.  
    
Harvesting and Fermentation: One main objective of this phase is minimizing the 
time interval between harvesting and grape processing. Evaluating the climatic 
information for harvesting, transporting the harvest, during the fermentation and the 
store is essential.  
 
Distribution and sale: During this phase order processing, delivering and goods- 
return are the main activities. Controlling the relevant climatic parameters during the 
delivery is essential. 
6.3.1 BSRM for Italian Wine production  
We start the BSRM model for the vineyard case study following the patterns together 
with the design steps described in chapter 5.  There is no strict chronological order to 
the design steps except 1, 2 and 3. 
 
Step 1: Ø  Enterprise model 
 
We derive the enterprise model for the wine production annotating the enterprise 
service pattern ESP_Manufacturing. Figure 6-9 shows the initial business service 
model. The main conversion services are purchasing plants and wine production. The 














Figure 6-9: BSRM enterprise model for wine production 
 
Step 2:  Decomposition {s0}  {s0 , s1 , ..., sn}, part-of(si ,s0) 
 
We zoom into the wine produce and sale services. The production of Wine has 
multiple activities. In this step we decompose the WineProduce core service (Figure 
6-10) and the Sales (Figure 6-11).  
The core-sub services of the wine production are vineyard cultivation, vineyard 
harvesting, harvest transporting and fermentation. All of these are conversion 
services. Using Sub-Service pattern structure specification, the model derived in the 
previous step is decomposed.  The VineyardCultivation is the first step of the wine 
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production process. It is a conversion service and uses the Grape Plants and the 
Vineyard resources. The VineyardCultivation produces the Grapes. The next 
conversion service VYHarvesting uses the Grapes and produces the Harvest. The rest 















Figure 6-10: Decomposition of WineProduce service 
 
The sale of wine which is an exchange service generates money in return of selling 
wine.  The sale of wine is modeled following the ECX-P (pattern structure 
specification for sale of physical resource). To close the value cycle, the money 
derived from the sales of wine is spent on different activities in the wine producing 
process, for example to purchase grape plants. IssueWine and the ReturnOfWine are 
sub-services of SaleOfWine (Figure 6-11). The IssueWine represents the services 
regards with issuing wine for the sale and it follows the BSP-Issue_Final_Product 
pattern. The ReturnOfWineExchange describes the activities of returning wine and it 












Figure 6-11: Sub-services of sale of wine 
 
Step 3: coordination: {s1,..., sn} = { s0 ,s1,..., sn,  ci,}, part-of(ci,, s0), coordinate(ci,, s0) 
 
Once after introducing the sub-services, the next step is identifying the coordination 
services. One of the coordination services for SaleOfWine is SalesOderProcessing, 
which processes the activities of sales order. The intentional resources 
SalesOrderRequisition is used and SalesOrder is produced by this coordination 
service (Figure 6-12). We follow the BSP_Sale_Order_Processing pattern.  



















Figure 6-12: Coordination of sales of wine 
 
Step 4: Outsourcing 
 
The wine producer uses an external delivery company to transport wine. Hence, it 
follows the outsourcing pattern. The Delivery service is used by SaleOfWine service. 
According to the constraint of Exchange_Outsource specification, the outsourced 
service should bring at least one resource from the service provider’s side. In this case 
we depicted it as Truck (it is not described in the case). And also at least one internal 
resource should be affected by the outsourced Delivery service. In our case, it is Wine. 
Wine is added value by transporting it from one location to another.  The company 
has to pay for the delivery service. In the model DeliveryExchange service represents 



















Figure 6-13: The delivery service outsourcing  




Step 5: Enhance:   {s}  {s,e} enhance(s,e) 
 
In this step, we identify the enhance services. There are two main enhance services. 
One service enhances the SaleOfWine and the other enhances the Wine (Figure 6-14). 
The former is MarketInfo.Mgt. which manages the market information.  It uses the 
market information and produces predicted sales information.  The later is 
WineQualityMgt which is a diagnostic control service (Weigand et al., 2011).  This 
involves the activities of monitoring the temperature, other climatic data and react to 
the critical conditions of the wine during the issuing and transporting. The quality 
checking of returned wine is also another important task of the quality management.  
The WineQualityMgt can be further decomposed to sub-services namely Monitoring 













































Figure 6-15: Decomposed WineQualityMgt.   
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6.3.2 Model Analysis 
In this section, we check the completeness of the BSRM model for the wine 
production case in particular the sale of wine activity. In addition we analyze the 
usage of business service patterns it the model.  
 
Model Completeness:  
 
Figure 6-14 shows the BSRM model only for the sale of wine. All the services and the 
resources are shown in rounded rectangles and rectangles respectively. Following the 
BSRM language semantics (cf. 3.1.1), we check the completeness of the model 
(Figure 6-14) with following features. 
 
1. Service stockflow completeness:  
 
Requirement:  For each service, at least one inflow and outflow resource should be  
specified.  
Checking:  All the services except enhance and coordination are depicted in 
white color rounded rectangles named with suffix word “Exchange” 
and the colored rounded rectangles. All of these services except 
IssueWine met the above requirement. The IssueWine service has 
only outflow resource. In the complete model of wine production 
case, we can identify an inflow resource by connecting the 
IssueWine service with the InventoryOfWine service.  
 
2. Physical resource  flow completeness: 
 
Requirement:  For each internal physical resource type, at least one inflow and  
outflow service should be specified. For external ones, this is not 
required. 
Checking: All the physical resources are depicted in rectangles in the figure. 
We observe one resource doesn’t have inflow service. That is Truck. 
As Truck belongs to external agent, modeling the inflow service is 
out of the scope. 
 
3. Enhancement and coordination completeness: 
 
Requirement: For each enhancement and coordination, at least one inflow and one  
outflow of the intentional resource type should be specified. 
Checking: All the enhancement and coordination services have at least one 
inflow and outflow intentional resources. 
 
4. Intentional resource completeness 
 
Requirement: For each internal intentional resource type, at least one inflow and 
outflow service (enhancement or coordination) should be specified.  
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Checking:  All the intentional resources are depicted in dashed rectangles in the 
figure. Several intentional resources are not aligned with the 
requirement. These are ClimaticParameters, CriticalConditionList, 
SalesOrderRequest and SalesOrder. The ClimaticParameters has 
only outflow service. The climatic data is obtained from the weather 
reporting. It can be generated by outside company, for example 
meteorology department. Then the inflow service is not in the 
boundary of the wine production case. The next incomplete 
intentional resource is CriticalConditionList. It has only outflow 
service. It is possible to define R & D service to generate such a 
CriticalConditionList. The SalesOrderRequest is generated by 
analyzing the market data. It is possible to define a service called 
MarketDataAnalysis. The last incomplete intentional resource is 
SalesOrder. If we decompose the SaleOfWine, we can distinguish 
payment as a sub-service.  Then the SalesOrder is an inflow 
resource to the Payment service.  
 
Usage of Patterns 
 
We analyze the usage of business service patterns using the BSRM model of wine 
producing case. In step 1, we use the enterprise service pattern for manufacturing 
company called ESP_Manufacturing. We employ two patterns in step 2 namely BSP-
Issue_Final_Product and BSP_Product_Return. In the next step 
BSP_Sales_Order_Processing pattern is used. Using Exchange_Outsource 
specification, delivery outsourcing is modeled, in the fourth step. Finally the 
management service is introduced to the mode using Enhance specification.  All the 
services in Figure 6-14 are derived using pattern structure specification and /or 
business service patterns from the library.  
6.4 Case Study of VDB – A Transport Company  
We select the third case from logistic domain to represent an example from service 
sector. VDB (Dieleman, 2010) is an international logistic service provider. The 
company is specialized in transportation of dry and liquid bulk products by road. The 
total number of employees in the entire VDB Group is around 1200, among which 
there are around 900 truck drivers. The main goal of VDB is providing transportation 
to its customer’s goods.  The whole process involves customer order processing, 
allocating resources (trucks and drivers), and monitoring real transportation. In case 
of lack of resources, VDB hires trucks with drivers from other small companies in the 
area. The VDB Company has its own repairing center for vehicle repairing. 
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6.4.1 BSRM for VDB 
We start the BSRM for the VDB case study following the design steps described in 
chapter 5.   
 
Step 1: Ø  Enterprise model 
 
We derive the enterprise model for the VDB annotating the enterprise service pattern 






















Figure 6-16: ESP-Transport for VDB 
 
By definition, every commercial company has at least one exchange process, and this 
turns out to be the most central service in VDB as well. The TransportExchange is an 
exchange service that exchanges transport service in return for money. Transport is a 
service that is directed at goods of the customer and uses one resource type - the 
Truck. The drivers provide their service to the Transport service. We model it as 
DriverServiceProvisioning which enhances the Transport service. The 
DriverServiceProvisioning exists in the company by acquiring the driver’s service.  In 
the enterprise model, the acquiring of the driver’s service is depicted as the 
DrivingServiceAcquisition – an exchange service. The company gives money to take 
driver’s service. We zoom in to the Transport service. As there are no sub-services 
visible in the case for Transport service, we skip step 2and move to step3. 
 
Step 3: coordination: {s1,..., sn}  { s0 ,s1,..., sn,  ci,}, part-of(ci,, s0), coordinate(ci,, s0) 
 
 ResourceAllocation is a coordination service as it plans a transport service execution 
and allocates the required resources. It could use some sub-services responsible for a 
specific kind of resource: truck versus driver. We use Coordinate specification to 
model the ResourceAllocation (Figure 6-17). 
 
 




















Figure 6-17: Coordinating the transport service 
 

























Figure 6-18: Enhance service for the transport service 
 
We identify transport monitoring (in the figure it is named as TransportMonitoring) 
as an enhance service to the transport service. One objective of the transport 
monitoring is providing information about the delivery of goods. This information is 
depicted in the model as DeliveryStatusReport which is an intentional resource. We 
follow the Enhance specification to derive the model (Figure 6-18).  
 
Step 4: outsource 
  
According to the case description, the company is hiring trucks and drivers from a 
third party when the internal resources are not sufficient. Following the 
Exchange_Resource specification which describes the outsourcing a good, we model 
the hiring of trucks and drivers. Figure 6-19 shows the service model. 
CharterExchange is an exchange service which has ‘give’ and ‘take’ relationship with 
recourses (truck and driver) and money accordingly.  
 



























Figure 6-19: Outsourcing the trucks 
 

































Figure 6-20: Merging the truck repair service 
 
In this step, the model is extended. According to the case description, VDB has its 
own repairing centre for the Truck repairing.  TruckRepairing is a conversion service 
that consumes and uses Parts and Tools accordingly. The repairing needs the service 
of mechanics to repair the trucks. Using the Conversion specification, we model the 
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TruckRepairing.  The two models (model in the previous step and the TruckRepairing 
model) are combined using the Merge operator. Figure 6-19 shows the extended 
model. 
6.4.2 Model Analysis  
In this section, we check the completeness of the BSRM model for the VDB 
Transporten case in particular the transport activity. In addition we analyze the usage 
of business service patterns it the model.  
 
Model Completeness:  
 
Figure 6-20 shows the BSRM model for the part of VDB. All the services and the 
resources are shown in rounded rectangles and rectangles respectively. Following the 
BSRM language semantics (cf. 3.1.1), we check the completeness of the model 
(Figure 6-20) with following features. 
 
1. Service stockflow completeness:  
 
Requirement:  For each service, at least one inflow and outflow resource / service 
should be specified.  
Checking:  All the exchange and conversion services have at least one inflow 
and outflow resource / service in the Figure 6-20.  
 
2. Physical resource  flow completeness: 
 
Requirement:  For each internal physical resource type, at least one inflow and 
outflow service should be specified. For external ones, this is not 
required. 
Checking: All the physical resources are depicted in rectangles in the figure. 
We observe two resources do not meet the requirement. Those are 
Part and Tool and both have only outflow service.   The Part can be 
connected with Issue service of the inventory of spare parts. The 
tools can be replenished by connecting to issue service from the 
inventory of tools 
 
3. Enhancement and coordination completeness: 
 
Requirement: For each enhancement and coordination at least one inflow and one 
outflow of the intentional resource type should be specified. 
Checking: Several enhance services and coordination services not satisfy the 
above requirement. The driver and mechanic service provisioning 
enhance services can be further expanded using knowledge 
dimension features (cf. 5.3). If we model knowledge dimension 
features, we can define possible inflow and outflow intentional 
resources. The ResourceAllocation doesn’t have inflow intentional 








4. Intentional resource completeness 
 
Requirement: For each internal intentional resource type, at least one inflow and 
outflow service (enhancement or coordination) should be specified.  
Checking:  All the intentional resources are depicted in dashed rectangles fulfill 
the above requirement.  
 
Usage of Patterns 
 
If we analyze the results of VDB case, we can see the usage of business service 
patterns. In step 1, we use the enterprise service pattern for the transport company. In 
step 2, we use Coordinate specification. Even though the pattern library provides 
BSPs for the manufacturing domain, applications of business service patterns are still 
possible in some situations. For example, in step 3 we introduce a management 
service called TransportMonitoring. The TransportMonitoring service follows the 
Enhance specification. The truck repairing activity is modeled in step 5. We use the 
BSP_Repaire_Product  pattern to derive the TruckRepair service. Another advantage 
for the designer is flexible model extensibility. As we employed in step 5, the Merge 
operator facilitates the flexible extensibility for the model.  
6.5 Discussion  
We composed the business service model for the selected parts of three cases using 
the pattern structure specifications, the pattern structure operations, the patterns and 
the pattern operators. In each of the cases, we carried out the completeness checking 
of the results. We can observe that the service modeling framework is able to model 
the business services within the given case description. The incompleteness occurs 
due to the lack of details given in the case. In this section, we analyze the results from 
two perspectives. First, we discuss the added value for the designer. Secondly, we 
look at the BSRM model from business perspective.  
6.5.1 Designers Perspective  
We stated several goals of this research from the designer’s perspective in chapter 1. 
In general, the designer of the software system is provided with a library of business 
service patterns together with pattern structure specifications, pattern structure 
operations and pattern operators to build the model. Further, he is guided with 
comprehensive design steps to start and compose the model. Modeling is an evolving 
process and a model is not a fixed picture which is built at one time. According to the 
new business requirement, the models need to be adjusted. The framework supports 
the designer for the flexible model extensibility. For example, a new service can be 




example which defines systematic merging of patterns / models. The model evolution 
includes outsourcing services.  The outsourcing pattern structure specification allows 
bringing new services to the existing service model. The design steps support 
meaningful model evolution, rather than arbitrary deletions and insertions. 
The business service patterns include a list of common abstract services, resources 
and their relationships.  Hence, the designer is provided the domain concepts through 
the patterns. As the patterns represent generic view, the pattern annotation operation 
allows customize the pattern. The comparison of the results of three cases is given in 
Table 6-1. 
 
Table 6-1: Comparison of the results 
 
Futures GBI Inc. Wine Production VDB 





ESP-Manufacturing ESP-Manufacturing ESP-Service 
Selected activity 
for the Model  
Produce Sales Transport 



































6.5.2 Business Perspective  
As we discussed in the previous three cases, the BSRM model helps to visualize the 
business as services for the business users. Hence, it improves the service-oriented 
thinking at business level by hiding the technical aspects.  The notation helps to 
differentiate the different types of services and resources.  
 
Separation of operational and management services: 
The separation of operational activities from the supporting activities is modeled with 
BSRM. This separation helps taking necessary actions to improve operational 
activities.  The separation also helps allocating separate budget Chesbrough, (2011), 
and to define organization policies to a particular activity which is represented by a 






The proposed framework provides a flexible model changes though merge operator 
and the outsourcing pattern structure specification.  With business perspective, the 







Chapter 7  
 
Conclusion and Future Work 
 
In recent years, Service-Oriented Architecture (SOA) concepts have matured into an 
important architectural style for the enterprise information systems. Although the 
concept of service-oriented architectures (SOA) has been in discussion for several 
years, it is mainly regarded as a technological concept. As argued in section 1.2, a 
truly service-oriented design mechanism which incorporates the business level is an 
essential requirement to obtain the full potential of SOA. Therefore, the main focus of 
this research is establishing a service-oriented design mechanism which has a service 
perspective at business level.  In this research, we propose a business service 
modeling framework which has a strong business modeling basis.  
We summarize all the components (design science artifacts) of the business 
service modeling framework in Figure 7-1. In the figure, the existing concepts are 
denoted with filled rectangles and the new artifacts which are introduced in this 
research are denoted with white rectangles. We use circles to represent the 
combination of several concepts. The arrows show how the concepts are linked.  The 
main constructs of BSRM and their relationships, are defined in the service 
metamodel which is grounded on well established business ontology – REA.  Then 
we introduce the BSRM language based on the definitions in the service metamodel. 
The language is represented with a graphical modeling notation called BSRM 
notation.  The service metamodel, BSRM language and the notation are discussed in 
Chapter 3. The next major step of the proposed framework is business service 
patterns. All the patterns are defined based on the specifications of service pattern 
structures. As the pattern structures are generic skeletons, we introduced two pattern 
structure operations (expansion and annotation) to generate domain specific patterns. 
When composing pattern, we use pattern operators (Merge) as well.  New patterns can 
be derived by composing patterns recursively. Chapter 4 covers all the specifications 
of pattern structures, pattern structure operations and business service pattern 
operators and finally the business service patterns.  Then we describe the BSRM 
mapping with conceptual data model, e
3
-value network and the business process 
model. The first two mappings are discussed in chapter 3 and the last one is discussed 
in chapter 4. The integration of business service patterns with web services are also 
discussed in chapter 4.  Finally, the systematic way of composing enterprise service 
model using business service patterns and design steps is presented in this 
dissertation. 
This research work fulfills the need of a service oriented view at business level. 
The proposed framework provides a systematic way to model a business as services. 
BSRM, we claim to be the first specific service modeling language at CIM level. Both 
the designer and the business user benefit from the proposed framework. For the 
designer, the BSRM model gives an abstract layer of services to start the next layers 
of design. For example, by means of model mapping between BSRM and BPMN. 
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Further, the designer is guided with domain concepts by means of patterns. The 
framework facilitates to build the enterprise service model by following the design 
steps together with business service patterns, pattern operations and pattern operators. 
The proposed business service models have flexibility to future growth.  The 
proposed service design framework is not limited to design the business service 
model for an enterprise. The framework supports web service integration. Some of the 







































Figure 7-1: Summery of the business service design framework 
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For business users, BSRM model helps to visualize the business as services. 
Hence, it improves the service-oriented thinking at business level by hiding the 
technical aspects. In BSRM, the separation of operational activities from other 
activities through service classification is an advantage. This separation helps to 
successful business decisions. BSRM models can be used for business analysis, 
although in this research we could only give indications for that.    
7.1 Research Questions and Answers 
In chapter 1, we defined several research questions. In this section, we summarize the 
answers to those research questions. 
 
1. What is the State of the Art in service-oriented design which incorporates 
business thinking and does it really address the business needs? 
 
The state of the art of the service-oriented design is discussed in chapter 2. 
Among various existing approaches, we selected several works which incorporate 
business thinking into their design approaches. 
 
The main features of the selected approaches were compared and the results were 
shown in the table 2. 
 
 
2. What is the business model/ontology underlying the business services? 
 
We selected a well-known business modeling ontology - REA as the basis of the 
proposed service modeling language. As we described in chapter 2,  REA and its 
extensions are strong enough to identify service-resource relationships and the 
value co-creation. Therefore, we developed a service metamodel to define the 
construct and their relationships based on REA ontology. The Business Service 
and Resource Modeling (BSRM) language is defined using the constructs that 
were defined in the metamodel.  
 
 
3. How is the proposed service modeling language represented?  
 
A modeling language can be represented textually or graphically. We chose a 
graphical representation for the BSRM language called BSRM notation. The 
advantage of using BSRM notation is that the different concepts are easier to 
recognize because of the different shapes. However, instead of introducing a new 
modeling notation, it is possible to use other notations, in particular UML 
diagrams with stereotypes. As UML is a universal language, UML diagrams with 
stereotypes approach have added advantage.  In chapter 2, we introduced the 








4. How does the proposed framework support the designer building enterprise 
model to view the business activities in the entire enterprise as services? 
 
The proposed service modeling framework provides guided steps to build the 
enterprise model. The business service patterns which cover the selected 
activities of manufacturing and service domain facilitate the designer with 
domain concepts.  If patterns are not available in the pattern collection, the new 
patterns can be derived. The pattern structures specification and pattern structure 
operations can be used to derive patterns to a particular domain. The isolated 
patterns do not create a model. The model is a collection of patterns.  The pattern 
composition is not arbitrary. The systematic way of pattern composition is 
described using business service pattern operators. Finally we proposed the 
design steps to incorporate patterns to an enterprise model.  
 The business activities of a company may include different kinds of 
resources. For example land, capital, physical resources, human resources, 
services, informational objects, knowledge, skill, experience etc. The proposed 
modeling approach supports to design all kinds of the resources which relate with 
both operational and supporting activities of a company. The intentional 
resources which are relates with coordination or enhance service help to give 
better insight to the support business activities 
 
5. How does the proposed framework support the designer to capture the best 
practices in the business as services?  
 
There are several ways to represent the best practices used in the business. The 
best practices can be represented by reference models, generic models or 
patterns. The proposed service design framework provides business service 
patterns. One advantage of using patterns is the patterns represent the best 
practices in the business. There are two types of patterns (generic patterns and 
some domain specific patterns) introduced in this dissertation. Both categories 
help to represent the best practices. 
 
6. Is the proposed framework flexible enough to capture new business 
requirements? 
 
It is clear that business service patterns can be used for standardized business 
activities.  But today’s business requirements are highly volatile. The proposed 
business service modeling framework is flexible to capture the new business 
requirements into the design. The outsourcing pattern is one good example. The 
outsourcing pattern allows merging any external service to existing design.  
Secondly, the framework provides an opportunity to model extensibility through 
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7. How does the proposed framework support to synchronise the business service 
model with other models?  
 
The business service model integration allows to relate the business service 
patterns with different architectural layers. We presented two levels of mapping 
in this research work, horizontal mapping and vertical mapping. The horizontal 
mapping was discussed in chapter 3 using the BSRM mapping with conceptual 
data model, e
3
-value network.  We presented the vertical mapping using the 
BSRM and process model. Further, pattern-based service integration metamodel, 
which is in chapter 4, describes the integration of BSRM with PIM and PSM 
levels.  The mapping rules between BSRM and BPMN relates CIM level with 
PIM.  The adaptation of BSPs and the web services through adaptation guidelines 
relates BSRM patterns with PSM level.    
 
8. Is the proposed service design framework truly service-oriented? 
 
From an architectural perspective, some of the key features of the service- 
orientation are modularity, loose coupling, reusability and extensibility (Alter, 
2012).  These features are usually associated with the software services. As we 
argued in chapter one, the service-oriented thinking at business level is also 




One of the most important aspects of SOA is the concept of modularity. The 
modularity means the ability of identifying separate units. In software 
engineering, modularity consists of decomposability, composability, 
understandability, continuity, and protection (Meyer, 1997). In this sub section 
we explain the first three characteristics with respect to BSRM model.  Following 
top-down approach, decomposability is achieved through Sub-Service   
specification. The decomposability feature is further explained under the section 
4.7.1.2- “merge operator used in decomposition”.  
On the other hand if we take a bottom up approach, pattern composition 
mechanism demonstrates the feature of composability. The business service 
pattern operator – “Merge” (cf.  4.7.1.2- merge operator used in decomposition) 
facilitates composition of patterns.  
The third feature, understandability can be motivated as follows. In BSRM 
the smallest unit of pattern always follows the pattern structure of one of the 
specification out of five (exchange, conversion, sub-service, coordination or 
enhance). Hence, the smallest unit of the model is well explained using its 
parameters, constraints etc.  
 
Loose coupling 
Coupling refers to the number of dependencies between modules. SOA promotes 
loose coupling of services.  BSRM patterns and models consist of the pattern 
structure specification. The pattern structure specifications are well defined with 
its dependencies for a given service. Therefore, loose coupling is promoted by the 
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business service patterns. The composition of patterns is done through an 
operator called ‘”Merge”. As the merging is done through a common object / 
group of objects, new patterns don’t require additional dependencies except the 
dependency/dependencies of common object/ group of objects.  
 
Reusability 
The proposed framework is a pattern based approach. The patterns are re-useable 
objects. We use 8 pattern structure specifications, to derive each pattern. We use 
pattern structure specifications and the patterns to model the cases described in 
chapter 6. In this dissertation (including appendixes) we present 7 pattern 
structure specifications, 10 patterns for manufacturing, 8 patterns for supporting 
activities and 4 patterns for service domain.  These pattern structure 
specifications and the patterns are re-used. From the designer’s perspective, he is 
provided collection of pattern structure specification and the patterns to start the 
design. Hence, the re-usability of the patterns and specifications reduce the 
design time and the designer is guided with domain concepts. So the reusability is 
supported in the proposed framework.  
 
Extensibility 
Extensibility is the ability of expanding the model for future growth. The 
business changes include for instance adding new services or outsourcing. The 
service modelling framework support adding a new service using “Merge” 
operator and the “Outsourcing is realised by the “Outsourcing” pattern. 
 
9. How is the proposed service design framework validated in terms of 
completeness and correctness? 
 
The validation of the proposed framework is presented in chapter 6. We selected 
three case studies from literature and generate the business service model for 
them. The proposed framework is able to model these cases within the given case 
description.  The advantages of using the proposed approach and the limitations 
are discussed.  It shows the completeness of the proposed framework. We 
performed several steps to check the correctness of the proposed BSRM. For 
example, usage of metamodel, feature comparison and implementing with 
ConceptBase tool. (These are discussed in chapter3). 
7.2 Future Work 
In this section we describe the future work and directions of this research. Some of 
them address the limitations which we listed in chapter 1.  
 
 In the present work, the validation is limited to three case studies in 
literature. One case is a fictional case about Global Bike Inc., a bike 
manufacturing company presented by SAP (Magel and Word, 2012). The 
second one is a real world case selected from literature, about wine 
production presented by S-Cube (S-Cube, 2009). Both cases relate to 
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manufacturing domain. We selected third case from service industry. The 
third case is about logistic company. We modelled the three cases using 
BSRM. Therefore, the future works include the validation of the 
framework using real world case. Another focus of validation is applying 
the framework to another domain.  
 
 The next step of future work is extending the BSRM language and the 
notation. The BSRM language and the notation are sufficient to represent 
the basic construct of the BSRM language. But it doesn’t support to 
model the business rules. Hence, BSRM language and the notation have 
to be evolved to the next version to overcome the above deficiencies. 
 
 Extending the business service pattern library is another task which is on 
the agenda. We developed several basic business service patterns in the 
manufacturing domain. In the next phase we hope to expand the pattern 
collection with BSPs of a service domain particularly the banking sector.  
 
 The proposed business service modeling framework is rich enough to 
develop the enterprise model using patterns, operations and operators. 
We use ConceptBase to automate the design. This automation is not 
complete. Therefore, we hope to complete the pattern library in 







This appendix provides the implementation of the metamodel (which is discussed in 
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{* ** M2 ** *} 
 
EconomicResourceType in Concept with 
  connectedTo 
     stockflow: EconomicResourceType; 
     flowToService: ServiceType;   
     flowToSingleService: ServiceType; 
     flowToMultiService: ServiceType 
end 
 
ServiceType in Concept isA EconomicResourceType with 
  connectedTo 
     coordinate: ServiceType; 
     flowToResource: EconomicResourceType; 
     enhance: ServiceType; 




     take: EconomicResourceType; 
     give: EconomicResourceType; 
     produce: EconomicResourceType; 
     consume:EconomicResourceType; 




PhysicalResourceType in Concept isA EconomicResourceType end 
IndividualizedResourceType in Concept isA PhysicalResourceType 
end 
NonIndividualizedResourceType in Concept isA 
PhysicalResourceType end  {* for example Money *} 
MoneyType in Concept isA NonIndividualizedResourceType end 
 
ProperEconomicResourceType in QueryClass isA 
EconomicResourceType with 
  constraint  
     unused: $ not (this in ServiceType) $ 
end 
 
GoodsType in QueryClass isA EconomicResourceType with 
end 
 
IntentionalResourceType in Concept isA EconomicResourceType end 
 
AgentType in Concept with 
  connectedTo 













{* FlowServiceTypes are those service types that have at least 
one input and one output flow *} 
{* This is used to distinguish exchange & conversion services 
from enhancing & coordinating  *} 
{* services.                                                                                 
*} 
 
FlowServiceType in QueryClass isA ServiceType with 
   constraint 
     hasInOut: $ exists r1,r2/EconomicResourceType (this 







{* a sell service is a flow service that generates money from 
goods (all non-money resources) *} 
 
SellServiceType in QueryClass isA FlowServiceType with 
   constraint 
     isSell: $ (forall rout/EconomicResourceType (this stockflow 
rout) ==> (rout in MoneyType) ) and 
               (forall rin/EconomicResourceType (rin stockflow 
this) ==> (rin in GoodsType) ) 
             $ 
end 
 
{* a buy service is a flow service that uses money to obtain 
goods  *} 
 
BuyServiceType in QueryClass isA FlowServiceType with 
   constraint 
     exchange: $ (forall rout/EconomicResourceType (this 
stockflow rout) ==> (rout in GoodsType) ) and 
               (forall rin/EconomicResourceType (rin stockflow 
this) ==> (rin in MoneyType) ) 




{* an exchange service is a buy or a sell service *} 
 
ExchangeServiceType in QueryClass isA FlowServiceType with 
   constraint 




{* a conversion service is a flow service where all inputs and 
outputs are goods (not money) *} 
 
ConversionServiceType in QueryClass isA FlowServiceType with 
   constraint 
     allconversion: $ forall r/EconomicResourceType (this 





{* a coordination service is simply a service that coordinates 
another service *} 
 
CoordinationServiceType in QueryClass isA ServiceType with 
   constraint 






{* an enhancing service is a service that enhances another 
service *} 
 
EnhancingServiceType in QueryClass isA ServiceType with 
   constraint 
     csupp: $ exists s/ServiceType (this enhance s) $ 
end 
 
{* the rest is called an "other" service *} 
 
OtherServiceType in QueryClass isA ServiceType with 
   constraint 
     csupp: $ not (this in CoordinationServiceType) and not 
(this in EnhancingServiceType) and 
              not (this in ConversionServiceType) and not (this 




{* atomic services do not have part services *} 
 
AtomicServiceType in QueryClass isA ServiceType with 
  constraint  




ServiceModelElement in NodeOrLink end 
 
EconomicResourceType isA ServiceModelElement end 
EconomicResourceType!stockflow isA ServiceModelElement end 
ServiceType!coordinate isA ServiceModelElement end 
ServiceType!enhance isA ServiceModelElement end 
ServiceType!partOf isA ServiceModelElement end 
AgentType isA ServiceModelElement end 
 
ServiceDiagram in Model,Class with   {* synonym for 
ComplexActivity *} 
  contains 
     elem: ServiceModelElement 
  rule 
     addflow: $ forall a/EconomicResourceType sd/ServiceDiagram 
link/EconomicResourceType!stockflow 
                        (sd elem a) and From(link,a) ==> (sd 
elem link) $; 
     addsupport: $ forall a/CoordinationServiceType 
sd/ServiceDiagram link/ServiceType!coordinate 
                        (sd elem a) and From(link,a) ==> (sd 
elem link) $; 





                        (sd elem a) and From(link,a) ==> (sd 
elem link) $; 
     addpartof: $ forall a/EnhancingServiceType 
sd/ServiceDiagram link/ServiceType!partOf 
                        (sd elem a) and From(link,a) ==> (sd 




{* some derived constructs *} 
 
{* resource not used for any service and not refilled *} 
UnusedEconomicResourceType in QueryClass isA 
ProperEconomicResourceType with 
  constraint  
     unused: $ not exists st/ServiceType (this flowToService st) 
or (st flowToResource this) $ 
end 
 
{* resource used but not refilled *} 
EconomicResourceTypeNotRefilled in QueryClass isA 
ProperEconomicResourceType with 
  constraint  
     unused: $ (exists st1/ServiceType (this flowToService st1)) 
and  




{* resource used only refilled but not used  *} 
EconomicResourceTypeOnlyRefilled in QueryClass isA 
ProperEconomicResourceType with 
  constraint  
     unused: $ (not exists st1/ServiceType (this flowToService 
st1)) and  





{* Atomic service types are either  
     - enhancing 
     - coordinating 
     - exchanging money for goods (or vice versa) 
     - converting (goods to goods) 
   So, this query returns the malformed atomic service types. 
*} 
 
UnclassifiableAtomicServiceType in QueryClass isA 
AtomicServiceType with 
  constraint 
     noclass: $ not (this in CoordinationServiceType) and 




                not (this in ConversionServiceType) and 
                not (this in ExchangeServiceType)  




{* These rules just map the dedicates relations give/take to the 
generic stockflow   *} 
{* This alligns the give/take links with the original model 
based on stockflow and   *} 
{* allows to the GraphViz interface to generate the 'dot' file 
of the service models *} 
 
ECArule Take_Map with 
  ecarule 
        er : $  s/ServiceType r/EconomicResourceType 
        ON Tell (s take r)  
        IF TRUE 
        DO Tell (r flowToService s)  
        $ 
end 
 
ECArule Give_Map with 
  ecarule 
        er : $   s/ServiceType r/EconomicResourceType 
        ON Tell (s give r)  
        IF TRUE 
        DO Tell (s flowToResource r) $ 
end 
 
ECArule Produce_Map with 
  ecarule 
        er : $   s/ServiceType r/EconomicResourceType 
        ON Tell (s produce r)  
        IF TRUE 
        DO Tell (s flowToResource r) $ 
end 
 
ECArule Consume_Map with 
  ecarule 
        er : $   s/ServiceType r/EconomicResourceType 
        ON Tell (s consume r)  
        IF TRUE 
        DO Tell (r flowToService s) $ 
end 
 
ECArule Use_Map with 
  ecarule 
        er : $   s/ServiceType r/EconomicResourceType 
        ON Tell (s use r)  
        IF TRUE 







This appendix provides business service patterns for several operational activities. 
 






Creating a new product or service always encompasses many intermediate activities 
such as assembling, inspection, planning etc. The service model for creating a new 
product which consists of various intermediate stages is described in this example.   
 
Problem: 
How do we make a business service model for creating a new product which depicts 
intermediate steps (assemble and inspection)?  We assume that all the intermediate 
products are consumed to produce the new product. 
 
Assumption: 
We assume that the produce has two intermediate steps i.e. assemble and inspection.  
 
Pattern Structure 
The service model for creating a new product with intermediate steps is based on Sub-
service specification. Each of the intermediate steps follows the Conversion 
specification (conversion service pattern structure- cf.4, 2.2).  All the constraints of 
sub-service and the conversion pattern structures are to be satisfied when deriving the 
pattern for creating a new product with intermediate steps.  
 
Solution: 
This example includes the intermediate stages of the conversion process such as 
assembling, inspecting and controlling intermediate product.  In other words, the 
chain of conversion process is splitting the overall conversion process into a chain of 
smaller conversion processes.  We consider the same example in BSP_Produce. But 
major consideration is splitting the assembling and inspecting into two separate 
processes. The assembly process creates the assemble product, and the inspection 
process consumes the assembled product and creates the final product. The waste 
which is produced during the process is not considered (refer the example of Hruby- 





















Figure B-1: Business Service Pattern - Produce_Intermediate_Stages  
 
Reference: 
- BSP- Produce_Intermediate_Stages pattern can be connected with BSP-Sale 
pattern using the merge operator. The FinishedProduct is the input resource of 
BSP-_Cash_Sale.   
- BSP- Produce_Intermediate_Stages can be connected with BSP-Waste pattern to 
illustrate the waste management. The Waste is not modelled in this pattern. As 
the waste is a output resource of Produce service, it is possible to connect BSP-
Produce with BSP-Waste pattern through Waste.  
 
 






During the production process, it is common to have waste. The company has to deal 
with these waste products or materials. There are many ways of handling waste. Eg: 
dispose, recycling, or getting the service of third party company for waste handling. 
We consider the simplest way of waste handling in this example, i.e. dispose.  
Dispose is a conversion process and it is a value decrement activity to the company. 
 
Problem: 
How do we make a business service model for dispose waste which is produced in the 
production process?  
 
Assumptions: 




The BSP for disposal of waste is based on Conversion specification.  All the 
constraints of conversion pattern structure are to be satisfied when deriving the 
pattern. Based on the assumptions, we derive the pattern, by annotating the 






Disposal is a conversion service which uses tools and consumes the waste. The 
disposal service adds value to the waste (produce relationship). Figure B-2 shows the 








Figure B-2: Business service pattern – disposal of waste 
 
Reference: 
- BSP- Waste pattern can be connected with BSP-Produce pattern using merge 
operator. 
- BSP- Waste pattern can be connected with BSP-Produce_Intermediate_Stages  
 
 






Delivering the finished products is one of a main activity of a business. The company 
can use its own delivery mechanism or use the third party service for the delivery. We 




How do we make a business service model for product delivery? 
 
Assumptions: 
We assume that the delivery as an atomic activity. It uses only the minimal resources. 
 
Pattern Structure 
The BSP for delivery of product is based on Conversion specification.  All the 
constraints of conversion pattern structure are to be satisfied when deriving the 
pattern. Based on the assumptions, we derive the pattern, by annotating the 







Product delivery is a conversion service which uses delivery mode (such as the truck) 
and consumes the product. The product delivery service adds value to the product by 
changing its location (produce relationship). Figure B-3 shows the graphical structure 











Figure B-3: Business service pattern – product delivery 
Reference: 
- BSP-Product_Delivery pattern can be connected with BSP-Produce pattern using 
merge operator. 
- BSP-Product_Delivery pattern can be connected with BSP-
Produce_Intermediate_Stages  










Returning of the sold product is a common activity under certain conditions. The 
business has to handle the returned product. 
 
Problem: 
How do we make a business service model for product return? 
 
Assumptions: 




The BSP for retuning of product is based on Exchange-Resource specification.  All 
the constraints of Exchange-Resource pattern structure are to be satisfied when 
deriving the pattern. Based on the assumptions, we derive the pattern, by annotating 






Product return is an exchange service which gives money back to the customer. The 
company has certain conditions for the retuning of sold products. The product return 
service takes the sold product. Figure B-4 shows the graphical structure for the 









Figure B-4: Business service pattern – product return 
Reference: 






Enterprise level business service patterns  
 
In this appendix we demonstrate several enterprise level business service patterns 
(ESPs). The enterprise service pattern describes the generic activities of the 
enterprise.  The design steps which are discussed in chapter 4, start with a generic 
Enterprise service pattern. 
 





















The primary process of a manufacturing typically refers the transformation of 
physical inputs into a physical output. The main activities of a manufacturing 
company include purchasing, produce and sales.   
 
Problem: 
How do we make an enterprise service model for a manufacturing company? 
 
Pattern Structure: 
Enterprise service pattern for the manufacturing company follows the Exchange-
Resource specification and Conversion specification. The first specification is used to 
model the Sale service and the Purchase services. The second one is used to model 
the Produce service.   
 
Solution: 
Enterprise service pattern for the manufacturing company has three main services 
namely Sales, Produce and Purchase. The Sale service takes money and gives 




produces the FinishedProduct. The Purchase service gives money and takes 
RawMaterial.   Figure: C-1 shows the graphical picture for the ESP-Manufacturing. 
 




















The primary process of a trading typically refers the exchange of resources or the 
services. The main activities of a trading company include purchasing and sales.   
 
Problem: 
How do we make an enterprise service model for a trading company? 
 
Pattern Structure: 
Enterprise service pattern for the trading company follows the Exchange-Resource 




Enterprise service pattern for the trading company has two main services namely 
Sales and Purchase. The Sale service takes money and gives FinishedProduct. The 
Purchase service gives money and takes FinishedProduct.   Figure: C-2 shows the 
graphical picture for the ESP-Trading. 
 
3. Enterprise service pattern for a Restaurant   
 
Name: 
ESP- Restaurant   
 
Description: 
The primary process of a restaurant typically refers the sales of services and foods. 
The main activities of a restaurant include sale of service, generating the service 







How do we make an enterprise service model for a restaurant? 
 
Pattern Structure: 
Enterprise service pattern for the restaurant follows the Exchange-Service 
specification, Exchange-Resource specification and the Conversion specification. The 
first specification is used to model the Sale service and the second specification is 
used to model the purchasing of unprepared food. The third specification is used to 
model the RestaurantService.  
 
Solution: 
Enterprise service pattern for the restaurant has two main services namely Sales and 
RestaurantService. The Sale service takes money and gives RestaurantService. The 
RestaurantService service consumes unprepared Food and uses Resource. It produces 
the Food. The Purchase service gives money and takes unprepared Food.   Figure: c-
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